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(1900- 1800) -^^^Uljjftil 

368 (1801) f U^j^J^>J*lJ( 4> -^b)O J Jl — 5 

389 (1802) f lp^!jUJJ( <t?> LA)Oj JLJ 

399 . . . . ( 1808) f Ip JL-JUUiJl d jUJl f Us^-V - ^U^) 0 j>LJ 

411 (lSlDfUo.ljLJjJCj^Lr^CJj-JL-i 

423 (1815)flp*j Jaily>\ T^(^ JjH )0yU^ 

443 aS\9)^^-^^\lj\^^(^jj-}^)C}y\--i 

463 ( 1820) 0L-»L- j ^.^)J a. ..... >U jlJI • ^ 2JI j yLJ 

477 (1822) f U^ J l -r ^J-^^(^_ iJ> J)0 J sLJ 

498 ( 1825) f U ^1 ^v'l j 2L~i»lJc. (js--^t) 0 y LJ 

513 (1 827) f U i—JL^^I jUL_JJ < f jf) 0 >LJ 

534 (1829)fU JL_iLLJj( r Ljbl ^O^LJ 

553. . (1833 5 1831) ^fll JL3 j ^^kdu ^ bl »UjJLJ 

591 (1835)^2_l*^--il jUJL^U^U^iU 

626 (1840)fl*£— flj-JOL-^^g^, i^O^LJ 



639 (1 840) f u sljl, fcijdu ( J^) j y Li 

659... (1859 j 1845) ^ ^^Ji *Ui>"i . /ul<(^^/)u ^jlj 

680 (1850) f u 2uj ^Ji iSL^LvjOJ j ) jyLi 

724 (1851)^(i)j ■ ■QJ^rjj Ui jyi_J 

752 (1852) r U — ^L^^'J^ ^)j>LJ 

758 ( 1853) f u jo 1 ^Jij J^^-a-^ ^ ( ui> - jL.JUj) j jJL_i 

768 ( 1 855 ) f lp j^jlj^ (dJ » ) J > Li 

783 (1857) f L*c£^J» Ja-J. ^ j -L^U (^L, - gjL) jyLJ 

793 U866)f^(JtJJ ? V)A,j^ iJ» jl-^LjJ* oyLJ 

803 (1875 j 1874) ^ J^^(j>j^)Uj_JL_i 

815 ( 1 895) f i* s ,_,..->U-j^iJ j j—^) j > Li 

819 (1907)fip<L^*- a- - . kL^JU (^ - gp^) j y Li 



— VI - 



uJIjJI JjooJI 

1 800 - 1 900 




UJl>-LiLo Uplx^Lj ^^Uw' y^S (.AJL^j A ^jt^. 3 j» L*JLi — 

Kevin Kelly. (Speculations on the Future of Science) 

Arthur C. Clark. Profiles of the Future, 1962. 
. (J uCuu\\ CiitMi ) AjUS ^ ■ at-*"* 

Quasar. Quasar' 1 ' Burning Bright. 1976Isaac Asimov <2> < 



Red) l^jj jUJ ; ^iy= jiai;u^_w^ i^!jui^j)^u^fi^V^«A^^_^ -Quasar <I) 

iiJuJ\ 3,,.r..^ _^-?>L ^ jjX^ j^«J* j l^* Ul iUL^Jt L^iU? j js-l — li UJ*. cr SUj U L_jjUi *Jwij j (Shift 

.(^r . 1977 

Xfr .(9S)i~U» w U-Ui^^ (D^j v'^^j :IsaacAsimov (2) 
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.S (l) iJjS r i SJb- j ^p- I^-jj _« jw-Vlj J^r'j 
Bill Bryson* A Short History of Nearly Everything. 



V- 1 j - CGS System - sjU f »> - jJ-i y; p ^ikD ^ ^iSU) JiiJi jiiOJi sjl_^ j ^ - Erg < I) 

(j^ij^b)u^j^;y»jp^^jj\j_^\ jxUL^iLi-i ^w'j .JwJi^jiOjy-^i (Ergon- t i>jS - ^)*_J.S' 4 ^» j^-x* 
j,j io = ^ iijVt _j .(g. cm2 / S2) ^ J^cv* x f'> ^/-y -K? <-*; IJLi * ^-j^ 
^> jU^. i/'kjji** i-^ 1 ^ (W^) -ip-i.^ (^jV^)^ jL_j y 0 624. 1 5 = g; j' — £ _> Jjht *~t— ^ jlJLJI 

.( rrj J.!)-(^^t 
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DALTON'S LAW OF PARTIAL PRESSURES 
-1801 

CHARLES'S GAS) ^j^> JjU Oj-JU j (JAMES JOULE) J 3 =r 

(THE LAW OF MULTIPLE PROPORTIONS) Sjjl^I Jl Oj-Jtij (LAW 
.(THE AROMIC THEORY OF MATERER) «Uli ^ jJi SjJkJl j 
: 1 SO J QlJb-i jrf 
; <^L-/V l~«Sj (Thomas Jefferson - 0 — -u \ - 

Johann Wil - J>j J^ii c>Ujj) jiiSfi ^j^ 1 ^ <y - 
Oy*^_j ax5i±5i jj&uj ^ tjy} c^r-^i-Ji L. **j,Sfi (helm Ritter 
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:Jj US' -Dalton's Law of Additive Pressures- 



^ = Pa + + /'c + 



• c j b 

(3j ^ ^-aJ iUij aJUISCj <U*jJ 4J15" ^ 4j _6^cj <j; aJS eLJ^I olj^>- jUil d)— 5i 
.<ti t>L» Jl^I 4^jli ys> ^ JJl ) ^ jii jit 3JLj .> _pr j V Ajlij lj\ j iaiuiii 

aJU! jls^li 1,^1 ^ o/i Aji ^ (He) r ^ 1 3 ( Ar) 0 /jS/U (0 2 ) o^S f}\ 

aj yla oL)L_j- ^L^jU-^i jLp oji^j^O yu^Jl ^L*Ui< U>o- (jJSjO yr)<j^> ^ 

JS" ^XI^.- j i-UJri ^ 0_J-^J J IfLj ^^pr^ll (tUiiJt) jU A-jjUj 

olijjJpl ji oljAJi ^ AjI aS'jJ- ^Lf- Lilian J'y ^ ^ L^jL*b4l ^IS" ^ AjL»IS" Ajy>>J L^Lo oJLs-l j 

Cj^Jj** * j'^J Oi^j^ °* o* Cf^" J^Cf 
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Jul j£ ^Si .y Ju>-i j2ULJL>-i ^ <G) C(J_}V L* jJLS (LgilT Li yL5),yJb j jiU^gki- 1 » 
3LLuiJf jl^jJi ^>Jl?-L; .13 (j-^^ tii-Si t^U^jJl SLyU ^ ^L-xi^l o^ljLjJl 

(KBt)^U'^JI j-^.^ y ; (H 2 ) uptjj^ jL* Jj-^ii (Fe) 

iuJLait ^ c\ — Ll ^Jj^" l^*^ t^r^ ^— ^'j! 

f 

Ll>- SJJS till Aj y j-Liii jLjSk>- ji ^ j, ^Lc- dJLSij c<d-£- Jj>- (JlO 

JpliiJi J-^^ V J t<s — * 4 c/ 5 .P - <y c— ^xJ_j tlil) d-iU ilS" 

l^^rJl jliii jL\jL* ^L*^ y *j Sjl y j$ ^^II till 

. h jty^\ ij\ f 5jt ^ till jUj iait^ - jljJl laxJ* = J>lJrl jUt)l iajw? 
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2.3) O ^1 j 5-«aX>tii J jUji-l ^ (20) -J Uluis ^ ^xJi j 2j y>tx3l » jiy- 

1 10)o l/"^ (J--^j i_s^^ £^J*^ iai-^^ L^=- y^-tj iy 3J -y t ^ >>u -3 (J^-* , \ j . ^L5" 
JlO, J/ 107.7 = 2.3- 110 

iUS j g: Jai^Jl ^ (0.20) 

i^Juijj^ .^J-^il &jX*£ ^ ^ y^r^ h+.y? o^bj 
d^*>J Jal>- \n..'^ ^ Jiff j j^oUajtJl <LwvoiiXj Jdl ^jy^^S'j'yi jl c- \i+.>!t t ^r>.:li (^T^J^ 0 

(Butylene or Butene - C4H8) uv^W W b ) ^^-i • 

. y „^i J liu f ol<r c^JJi ^ (C 2 H 5 - O - C2H5 c ether - ^) 
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John Daltom A New System of Chemical Philosophy. 1808 
.(pLctj&lt «Uuu& i|-,Aji \>» j»^Juu j^mJttl 



iSjjJj>7 \ J <J> J? 3 \*&>\ <J^>\J* *LxJj jy*Ji^ tZ^Jj 6 jyb\z>. 5ij 

Arnold Arons. Development of Concepts in Physics. 
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aJLa>- (J^Ua) ^jij jl tl*Ju o\ (a _j— 5 ^j- 4 LxpLkz^l ^ U JS" Jj 4 . J y 1 « JS* 

^^S" o^U ^>-i ^»UxxJl j i o ^iJ 5j>W ^ $-'<3*\ «Jj>tJL4 ojIS') ojLlj^- J*^* 

John Daftom A New System of Chemical Philosophy 1808. 

John Dalton 0 tJj&y ] «i yVi (lu $ J^.y^} J ] ^S^ ] -dj 

tolLi jJi jjJrl ^ JujJ} cjJL) ^ (Eaglesfield - ) oju ^ [ 1 766- 1 844 

Jb-uJl j^sj ji ^J Wt.J SJjxx. a>- ^>is A_JiU A^ws,a^i IS LJLJ) aJ j>o dj^-*) 

LtJ jii .<^pIx-»^ <j^-'Lt ytv5 « aJLj- ^ oULp L« J5" aa^JI a tuU>-b>i5l ( j * 

. * * * 
OlS' US' t^_ijlJt jl>- Jl Jill aLIS jJI 

CAjiisO Aj jj } ^^ >tJ . * — *^ t — * J^* 1 j j-Uo J,} L»jJ A^f j — « ^.Sl*^ ^ — b 
Aj jbf tl ^>-l ^ A_p^-J j ai5j> r»-^j jl jj^i (j-t^j A_iUtft aJp t. ~P ji 015* \ oS' 

^v* o 5 Ji' >3j ^ Aj'iSOli Li>j dXJuJ jj>-i < j5sj j . jJUU j aSjJI ^|Ji (^jl5i v_j ^>JJj) 
jJL>di UL±^I l>-i y: aiLc>- aJj>IjI I J • J^j ^ >^ J^J - ** 
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3^LLo m (Quakers - cU^Sfi) Ji ^-Uj ^-Sf (o^.>) ^lJj 
coU <d ^£ iLjik.^. ^ (Cumberland - ^ljV^") 

£^ L$xJ ^jil? c^Jai ^ 5 JUaSVI £j j aS"LJ- a^_^tX-» ^ abl ..L_pL~j j J ^ aJ-l 

a*; Jiii . L$J ^Ldi ^ i^u l<£ (Quaker's - 
ijdta iij.il c(Kendal - JIjuS") sll>jl« ^ j s^j^i o-*— ll ^cj^i ^ 2UU-I jJi (J _^ j luj 

(John Gough - o jpt) o^aii ^Jli 
j <j jJi u Ur 0 _/^5J_j <ul ^ l$J 1783)) ^ ^ ^L^j (j^b) 

Sjij^ii ouuu uJUi> ((John Gough -^j-*" o^r) j-^uii otf ,iaJ)) 

ijl ^Jl CJjS' JWaM j b Ijll Jb JbJl b^l /-i>^ l# j* Jm US' dilu 

4j|Ji*Li~4 J-^— j ^ • fl '^-' ^ J < 1 887) f L_p Jll« aSCLc (3- jJl jil ^jLJi _jl 



o^jLJj L^iJUaij i-^ r Jj»-' d-*- yjj !t 0 yjJi ^ t^Lij tiLLUiS' 1 -! )t ^ — Lt^jiiA ^ - Quaker ( 1 ) 
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^y-JikJi ^ ji j Sr*J ^JllJj C~J-**£j i»Jb iia>-^U (200t000) <^J_J&1> 

jjKj^i tU*ii aJp jUsi lL$J_j cifJ jiip (S jc>«Ji) 2L5kl s^jdj a^m cLi*mij 
^ [John Frederic Daniell ( 1 790- 1 845) J-Jb j V ^1 J* 3 

t<Li ^fjjL- ^ LiL^aP LkL« (j j_Jta)_> J^^-lil aJj JLaJ .(^J iU^j^l j_ J?) 

. Lazuli U jj2>- ^Jl 3LfKj 
3lJl>-j c->L« ^j) Cob ^il j'UO^i j j^r^Sfl c'UjL* LJb J jii! ^ <u^J: J ^ 

oJ-o»ji 4C^L^c?b ^ .,/3 S-l SiLvisI ab.A*X* ^-t^^ y *J^-^' (cA^b) j^s>\s>- JloJ 

J (Arnold Tachray - kS^j-^ ^ y j0 ^ ^ . (Kendal - Ji j^s*) 

J,l i^j^lil djdSU- iiU>- c ajj o>b (j;^ L» olf- ^ <j:JJi ^JJ~\ l iJj3 V»ti 



- JL^Jl.) J 3JujJ-i 5jKJ\ ^ ^kSl SjLJiiij ^L^b^li iSbJ ( 1 792) t^jd* 

^Aji^j^i^^j] \As-j JJ^c^jji jioJis' j (Manchester 

4*^^- <_$jj! (^^wutdl jJbj iL-J^JUit S^Ot^JJ U-sJjj (^L^JujU) L_wai ( 1 794) f '«— P 

air, 

.a] ^*>- tejj Jj'_J l?*"^ J** lJ*" i £ ' /3 *~^ j C-^r-Xs 

^jIp y& Jiil_j a^-j 2LJL OwLaLio U^- a} 2L~-JL> j^t jl Ji J^Lj^-^ 

3L^L» ^ 4j jjl j (J,l 5j^u> LgjyiJ j v'j' j^r^ 4Jljvi 4_oU- L^h. ^v-j • • 

^ jlS' ^L^i ^JJj LS _^i5 C-'tJp lfw2i- jlj J^iij jl—ji ^jJl iL*i , >La ^L^P 

djbji (Quakers - eLix^Vi s_p _^^) o y^> ^Js- jUJi _j Jj ^^j^i^Ii 

p j\ — * Ji_5 AjjJl _j ^jU2>1 ((J^li) *J ^j^yJ^J ^ !?i*5Uii o _jJLil 2L_j y&^Jl 



cl^i j _^JJl «-^jJ^ ■> d\£ ^Jb>- J*^- o-^bi- Lo [S" ^gip JjjVi O j-^iil 

^tj^^Uo ^Jtj^b f . ab^J **** f ^ <-£^ jos-^ j ^ ^b^ul O-J-o-P ^1 _J 

ijS'i^-l ,/>^ l^JLp yell ^^k*-*^ i j&j ^pi^ ^JJl j-o^l ^LflJl 

(JL^sL a^jtjIS^I) L&Lw..ij l^jjbj ^ J \^o\s- a^jAj> (\ 800) (o^^) 
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[(Jacques Charles (1746-1823) - Jji — a iiL->-)] * — -lj^L. ^ ^ tr *-« 

^ jlp JS" ^ tJ^J (a^ J 0 C 5 -^ ^ jSfl ^ 

cliJi ^ (^O^ ^vi 5 i— ^Uiij j t^c^Jj J 0 "^* ci'* 5 "^ J"*"*"" 4 ^ : *^ 

ails' aJLb- ^^a^J ajUo^Ji s_jjiJi aj^kJi 

Oyr Jj-^i^^' ^v#L*Ji <u1jw\3 ^L-wsxj UoL^ oL£-l aj! jji^ 

j ^5>o <jl5' caLilS" Sjotv* i*1^jIj Lg^-f- C^^"- * 
ails' aLi?- j^ip e. ^aJi oJj& j .l\S1a ^ . ..(3:2) j5 (2: 1) (1 • 1) 

,w.l^Ji il*^ (352) *~L* ^.Uit (Charles's Gas Law) ^ijUi! JjU <> J^j-^ij (1 ) 
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L^j JL^i- JuJip oj! jL*r^ L^t^l^ jLwzii <_s^ J XjjjJl <l~^ Jzj l5 1p Ju>-lll liJLJj j| 

Ji [Henry EnfieldRoscoe(1833-1915) ^ jj aUji 

OwiA Jaii c-'bl/LJ\i < J5"^Pj ( j53 j ,3LjL&) Lpl>o^l (J^j 2UjUil j 3iL>tii o>IjJlJI J^*J 
L^>«-^aj ojtu5t_j L$iLi.T jl-s j V| ( 1850) fie- ^^j- ^ g ^^Ig kjiJl 4_> ^kJl 

tclil ^ c-'ijL-Jt]! jLiji 'i^Xi}l ^ c^jW ail ,j iLtjij cejt j Ci—i-Jl^-^ ajl ^L_>-jij 
tljVl ^-C-j j jJjjSjS ^\l-2l^>\ ^ .L_* jjP _j y^r^Jl 0 yblis (Jl JiL>l C(^5 _^-l iaiJail CjI j>^*J_J 

^ 3 jLp ^JL c$J0i ilip^J (Oi^ ji 20% 80%) Jij->- 

a yLjJl { J5' jL.ii <uLi ^Ji^ dj^\i ^-jSvJ j c(aj ^-1 iL^jjVi <sA <^-»lJL»Liii) ajj_j-5 




^Jl j (d J ^U-a-Iail & UJl) 3Jii ^ C^'^) L* ^ ^ ^ ij f ^-^ 

^S-hiyr *J J-^-d jail ./rtltQl3<uU-J 4^Jlj^iJ3Jb-!jJS'J^waJLai'(frL_;) 

«>a^ _>Jl j-fy aL*Udkt jUl ji £ yj>y j ^ i±JLJi j (% 100) 

^Js-j^ iSlJLiTs jil — 51 (^Liii) OjJkJ! cJlS" ^J-p 0 ^> jij 5_«LL=m 

> 

cljVs jCjCs L^Jti oJla j i^ r .j i T^jlj I gjLijLaj ^Jjt5b LjL*jl» 5JLjIai1.1 i-ul 

2Ju& cLi^=b J-iiij ^Lil j! o^lil ^-jiJ^x^i ^L>tJ^ul ^» j^a. ^1 lalwi Ll^-u^? jlS" J i! 
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jL^i^^diL'^L^Uip ^f^jojbtil J J .li^»^ J L :j lj(1822)^Lc 
] j [Pierre - Siman Laplaace ( 1 749- 1 827) - 
^> j [Joseph Louis Gay - Lussac (1778-1850) *JL—_jJ- ^is* 

.[Andre - Marie Ampere (1775-1836) ^ 

t( L gA...*iiil £__o»^Jki i^L'j)j ( -sXuLa ZL-^xjC* Oi"*') J_Aij (1817) ^L_ P 

to" <JU1 y L? -^ > - j aJLJI L«Lp / j^^iu*]!^ 4_».....»<li L«-$j LSiii^ c l— ^ (ji*-^ ui 
(1826) J ^ c^.j (1922) ^L_p J * 

^ ^-1 y ( 1 83 1) ^Lp .S_jjJiSl 2u ^flaJL jjJjtdl cLiil ^L^^ Lu^iJj 1 ^-^j 
iwJU ^c-^i (1836) ^L_p yjt!s\ ^L_SJ ajLLj ^1 'Ljl^JS k-*Ad\ a-JLjJi jL_j>JJl 

a ^y*r J 

^.-Adl di_ 5i *} y j JlpUiJI J| j-k^l L« OLp^ a_i Jla^- ^ Ail ^il ^ oi*il 
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jliT U-$*«* J*Jj (1837) ^gj^Liil JJLii! o^Vb- ^ jv-jJb^ OiH/^. ^— ^.^-f J 

^ «j <J,I olz*JL*l ijuiJl _j cUi JaiJs ^L-iijjV 2j>t;Xj j^UjJi Aki>tj oUol (v JliJl ^^-J^) 

jL-J^i ^ i j j— ^ ^yiJ U |»j Sf-^i 2i_jb*il ^^Jj .(jJjol^Jl ^ ^J-lj Jl j^->tjJI 

jLlljtj L^tJj '^-^J S- 5 '— J>r^J ^ y^' j^j2*-l (Ji al^t>-ji jL~J^I J^-J-*)} 

«.U*Ji jw. ( ^^r^) ^ ajlp aJL^l* ^ (Thackaray - ^I^IS'IJ) .Uu <u!p fi/s-l 

OUij ^ j^'jfl t^lflll aJ& cJ^jt -lij <uoii Jbr-j y^\j\^ -J^~\ ^J*- 0 j& 

4£-Lu*lj *3r^_jjOyj ^ cJU- (_s^' 4-~iJ ^ ^JS3\ (1794) ^ <_^J 

C^LiLiili (^ij ^^Jfci JJi-iJl JJiJ) :">*uU t-u-uxl <^:>Yji "-r'^rjj p 

pJi Uj^i-j a^-JjoI t-jjb^iJi^ 4_Jb ^5^5! <j^U>r-iJl_j kjLx>Jsjl ^■y^^' j _j 
JU^SI j<jJL£ ^yLe- aJ y.^.j i"A-oi*j _ui .(^jj-^ V * «w~^Ji WL«7 *J (J^j 

t^JJ) yVijiU^ii U y] ( ^o^^U#hajJL i 2L^Ui3iJ^^ (1844)j»L_P tJ $j 

. AJLo <ds y ! A^jli O) JUt) * , ^"J v^ 2 ^ 0 "^ ?r ^ 

40) (t>ii->) _«J ^j>ci;i_j ^_j^jJi o^ 5 ^^ c-iU?j JjS\ d\^-\ St-* 



Iktj Jl>Jj kjjLiSI .( JL^jL>) i J ojiJi 4£-LS ^AjjL^- ,^1>- I jala,.^-! ^jJil ^ (000 



^ oL. js* ^jdj^ry) ^ (Bill Bryson - d ^ J->) 

SUlJJIj; — J^v** 4 ) "-r J ^" t >* (1885) ^ 3_jtJs> ^ jdbjs- ^ cuj=f <J _JI ^L^^L^I 
— j ^jb)ij__p U ^iXiS^Ji ^"o ' J"": ^7^*^" <-*^ (^— j'^ 9 jJ' 

£wh5i o ^Uip (Lyell - JJ) jj (Darwin 

01 f _jJl .jna^-V^ <1) iiiji}^ iijy-Il S—walj L^Llii^y- <_iui5" (_cJo\ ^_ .A r i 

(Deuteranope - \*y\ ^Jjp)^! ji yty ^ yi\ !JL* ^ jlti .^c^l 

tr* 2006 ^Lp J> (Newcastle Upontyne - J—^IS^J) _j (Cambridge) 
^oj^ <_ci)^ia>-Vlj y*o>-S'l ^ijj ' y Cf-^ aJj15 ^JibJ i— sLi^SI 

c^L>-j^ ^JLf- oi (jy.L/ail a_Jj15 ^LjI ^ j y^-LJl Jliil ^5-^*^ 

V op- y» ^-^i! o J5i y> j (Khaki) ^/li-i j/i ^li ^ ^ jt-Sl 

(Elise Kleeman -^^i) o^Ip .i-Lisii diL-^ cb^Sfi ^u^iVi dJLJk 
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j»waJ dUi j . . . f Uty Jl <^UI» JbBl iJ jU* ^ j .L_*aJl ^ jja^ty - 

.5Loj yuiil >J^UI ^i-l ^ J "^vJ wLwuaJl 

-su-J J^UsL dJLSi j aJp ^jwiJi j-« Jujil A^JjJi (jJb) JUaiL >JjI f 

^jLL. oiii JiiJj Oh^ 51 *^ V-^ 1 U M a* (1964) fl_p ^ 

CjjL* J^j\ J~i~«) Ji ^ ^> ^J*- 3uJl — 4—* yd' 3JLja>- Jl <wL>i t« j tjv-Jb 

^ i jot ^u^Vi ^Jj-^: :^Uk*]i 5ud0 <J»Jy (Michael H. Hart - 

C*i7 ^1 A^t;AJI Jl j^UD ijjAJl «to ^ ci-k jl^i ( jjl j .$)) 

^\ j 5J LaJ&l o^ApUtl I OLio *k^lUj Aj^^^UI^J^j^'L^^l&tf 
AijU^Jl OLS' jll JJ^ j 4 4*A> ^-Jl ^ jJJl 0 jjJl Jl* Jl pQ*-^- dU-Li 

U ^ j^Ul ^U'^l jj*»il If / lT* J*' l*jVr** J ^L^JjjJaJl LU <.\jJ>\ 

.((i»l ftU U Jlj ...fjJl 

^ (Henry Lonsdale - J-ja-j^^ Jj*)^ ^ll^Vi Jj ^-c^j jL^-i^^j 
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:J^j jdb by 1874^ (Ju^jytS j ^) ^iiy 
j^jAf SUULtj ^j^Ji^w dU jil&l jj^i^l ^U^l US')) 

frLti j <t ^ub ^Jj)? >• (ffl^* 1 / \ " " >* J J** (♦-G'k 

{ tjd&l ^ j»ia*VI ^yjj *ULJt JL-j Wfl ..a S/jJj SjbjJ » jij 

(Henry E. Roscoe- j-C^j .^j^-*)^ (1895)^l_p 
J^l. j-* J> o ^'L^Aj! j (James Joule - Jyr ^r-*^) J^<j-* iJL. 

./ ■ 

j (jJb 0 ^r) UAA^i i^ 1 ^* Cts*^.) J^—* tf-*^ ce** 

^—^ijj ftL«-^Jl J^rj^ :(^b) J t^^LJi l—£>u) I^c^j/^.uc fry 
tbj-flJi -br_^ :(J j*r)-Jj c^La-£J1 oU-u?1 w^ljij &}j}\hJaJ\ 

Jj^ L-g-oi^^f 0<-Cfl4i)b^-)i OLil j-^c U^-s- AiUaU A 
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"Kuijiraphy of Jnhn Dalton." Sail lake Community College: I'mm \v\v2. 
slee (.-(.In' sehooKduim sci/physies\\ hut is/hioyraphy'dnllt in.hlml. 

bryson. Bill. A Short History of Nearly l:\ crythiiii> (New York: Random I louse. 
20U5). 

Dalton. John. "Lxtraordiiuiry I'aels Relating u> the Vision oi Colours, 
with Observations." in Memoirs Of Tlw Literary Ant/ Phi/nsopliiiiil Society Of 
Manchester, Volume 5 (London: Cade 1 1 and Davies, 179N). 

Dalton. John. "New Theory ul I lie ( 'imslilulion of Mi\od Aeiiform l : ltiids. and 
Particularly ol the Atmosphere." Journal nf Nulla nl Philn\oi'h\\ Chcnu*tr\ ami the 
An\. 3: 241 244. 1X01. 

Dalton. John. A New Sy.wm of Chemical Philosophy ( Manchester, U.K.. IKON). 

Cardwcll. O.. John Dalton atul tlw /'ro^res* of Science (New Vork: Manchester 
University I'rcssdiat nc.s & Noble Inc.. )SH>S). 

Grecnway. Prank. John Datum anil tlw Atotti (Ithaca. N.Y.: Cornell University 
Cress. |yr>6>. 

Hart. Michael 1 1.. The lt)(l A Ranking of tin- M>>\! l/i/htcnital Pci\im\ in l/i\rur\ 
(New York: Citadel Press, ]<-W). 

Klecman, disc. "In Combat. Stick with the Color-Blind," Dhxincr. 27(3): I I, 
March 2(Wlf». 

Lonsdale. Henry. The Wurthtcs ul Cumberland (London: Gcorye Kouilcdge & 
Sons. 1S74). 

Koscoc. Henry. John Dalton and the Htse of Watlcrn Chemistry (London: 
Cassell t& Compain. IK95). 

I'haekray. Arnold. "Dalton," in Dictionary *>f Scientific Biography. 
Charles Gillispie.. oditoi in chiel' (New York' Charles Scribner^ Stnis. 
1^7(1). 

Lil£»b J* j ?i«jb- <u£» t&ati USb L) j^o2 01 0 j£iS ^1 ^1 jSJl J* <£j b f. • 
^\ cjI LJ& bl X-SlsJ b L>b%»l Ld jfr 0 j ?ULUa* Jif ij ^ 0 j&^T^L* J\ 

bj^l^jJLJi»-vJl; U.i .l^iU-j UsiUnji Xi'lsJb A^C^ij LjjbjSla <uf (Jbuj 4»L"»--j) «&l ^Jbu 

Uji (^jis-iiii) Jsl—J.^ y-li^li j^iSJU Uffb y>g ^~3t jakr , .. j^ U^»U 0 j&tj SU.Jhll 
3-$^' sil j^t OtLfo L» bl dJb^J jsil j* Li jif-j) Ltflias_-jb 0 jS^— > 4)1 _jlUi 

I^Aj^r-w^jJl lift Li jS" 3 jibu» ^Jl^i f\'0if 

Gregory Benforde in John Brockman's' (What we Believe but Cannot Prove) 
. ( 4j Lot Vj 4j U) \ ,sr,< \ ^d"-'*^*- *t*.-<A+ 
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Jil JiL-^j jwmAJ j!!Sli jtSl^JteJ*J \^ii3ibj^ j^iUJl dii?^JL-5=* .0 j&ljJUk- 

oty-^Jt j oUrb^-i Aits' <u j.Vi-- .i <^Jtfi (^l$Ji) i jr i jft j (Supergravity 

Paul DavieSi Superforce. 

. ( «UaJ Loll ^«l"<^, ^U"j 

t u ; i^i( ou> vi ^ u ujji ^ u^jt^ 1 ^ ■ i = s ' Ljl W^* • 

«u£tf Jsr- jjt tJlgd .I^jjm^JOI ^ l^rjl^j^ l^-ll jkJi J-*£ i^-*^- 4 

<uUS ii^k *tf 0V t#T*b) ^ J**"*-' f J - 1 J"^" ^O^*" M'^J APLJl Asr j 5-LfcL«i«» 5,1 ... 

ii_^> ( jj^a;) ^ Ij^li ©Ljs ja^A^^ljiijijJl^U—i 0Ju*UUrj) Jl \- a ,v»i jJj dgMail 

jrU *i 'm! 

Albert Einstein< The Evolution of Physics 

(3:y4l)oUjJUilApt ji j^JUju^rjl chilli j^sUit^ j^QlJ^tisSfjJ^Usil JLei^adl iJlij* 
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Paul DavieSi (Laying Down the Laws) £ New Scientist. 
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HENRY'S GAS LAW 
:1802»>ffij^^ 

:1S02 > 
[William Herschel <1738-1822)J-& y * r Jj] Ju!^ - 

JjVj (Gottfried Trevirann us - ^-Jl }}> jliVt - 

.(Biology - *Ls-Sft (U*) ^lk^» S ja 
. (West Point - cJ^ j) ^-Lj sJj s_ ^ 2__, ^>L~*JI ^li^i oLiJi - 

( 1 77 1 - 1 805) - j j jpr j u-l-y ) ^ — yr-i^ J *y - 

. V 1 J/tfj ^r^J^ v' yy^ 3 j j-^ 1 j^. 1 J! (Thomas Wedgwood 
Moonlight - <■ yj* uu a^) fj..J (^>f^. 01* iS ^)J^ _ 

• Jj^ (Sonata 

Jaiw? jlAi* £• bJ^i? (o^U Ait^T jlAl* <iL~J! 1 JLa Js jUii 2L*5* i _ ? ^J) JJL-j ^ ili jl*3l 
<JU- ^ ^ jjwdl (jlP - J-Jl-Jt) f UaJ Ob dAiiS" j y Uii ^ jLii .4rtia_-. JU- jUJl ^JLJi 
. Uv.^ ^ u^i-^ ^J^Ljj iJ^-'j J^>- f»^Lf- ^Lw^< L<o . 1 ^ ■ , Ojl 
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P = kC, 



.J y^il ^ck^ J y ^'jJr! Oytil j\JJu> - P vJu~- 

. JjLJ) J ^liil jUJl jIjlL* - C j 

.<sj~* oy ^> c^jL - k j 

(CO2) Oo/Ji JL_j~r>i (02)jy^^Sfl (Jjl—Jt] ^-Ixil Sjj* £JL JlJiil 

. (iulk« 299) «jt 2br ji J» till J» Oijl-lil 

. J r / ^ ./J ^,1 )\ y& tefj* 10 x 4.34= (k) o^~^ 
.Ji^ii J r \ ^ 10 x 1.64= (k) j^S 3 \ jislj 

.&^aJ}>*±A Sjjlp 1? j 4ii>Jj ^UhjJ ^U- <w., : ,Uj (_f jJ Alio ol>-j.> ^a»\ ^ j ^Uii « 
j waJ : JbJl J I— til J*!^- ^ (1) (c^ jUfc jltf-) ^vaJ ^_LJ j A-jaJ&I i5lji1 L_JlfC»ljj 
^tia^ (3 |»iL<2lJl A—i^f- ilijJUj-' L*..U£- tjJjL* ^As^ <3 i jL*i ^yj^r^ -iiiJaj! 3 iff-Ua-o 

5ilx^ Ajiil cAJjIS o-ljliil oJx^xi. <jl L» SjLi^i LJ .(aJ v ib JJLJ J-»-b Jl 
OjIj ) y"b> j . cjLJII <^ji—kjz ^ XJtlzsZ obji sJjIS (j-^jJ ol L_ ^Jdl ^j— <J> 

C~>Ij (^iiisi o^l y- Jbr j3 j) ^.Uj jLp- a3L>- J^Ji t Jl _o-^l tiilj AilS* ^ (<_c JJb (j j 515 

Aj.liVI J jlw'or 3j j_Jujdl (lSj^ (j-* »Aj>-UJi J,| ^^^Jl ,iJlJl^L»lj j .<^_I^i 
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((JTyLto l) ^_Jli OjIj) jL_j Lolp i( ^__>- ^b-l^) Jai^j O— (5— J 20) ^j'^r- 3 *" ^J- 5 

s yrj^ ^jyiJl lA 5 ?"— j 1 — ^ j^-*-*- 4 tl)i br.j .( -b-U U» ^ 
(y^i-i i= yiJiil j yli lS U jUip^Uj) - J** t/j^ 1 ry (20%) <JJ <p- y> 

jbji iJjli of Jl_s?- tSj-* O y 15 jLaJtz^b j .iaii ( j^vO.20) <J <jLJ 

^ ,>X 0.03 1 _^ 0.2 

fijj>l&^)\ p JLo 0.0062= : 

l.O 

!^kri3 ^U^J o^-^^Vi jIp ^ (i ^ JL 6.2) 

jJl>«JI UiSo 'Uipj ^1 ^iji A^i iJ^tJO (_<»l5l ^^i^ Ja-^ti! Ji**i? ( j^jLlxU 
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ni j_g_5i ^sbi^tji jli Ai^uitjj t^gJLf-Vl (jji^*^ Jj>-i y> ^ ilp- y> J5" JULP Ojlialjl 

b»l . ^-j y£-l ^ 1p o^v>w>j ^ ^-1 t\*jas-\ aJL^ (jvXj ^Jl ^ <^ r r\A W 

(Air Embolism) ,J\ ^ ^ u^jV! ^.a^j l^s" <o j — ^U^i ^bu ^1 

.(Decompression Sickness) ^UaiJi ^ y:.3_JLU 0l l* ^^i* 
(Like - A - Fish Technologies - ^ ^ y^iiJ a^^Jis" ^) *< ^ _^b jVb 

d> y^5) — (_/2jL>t^« y**^ ^ * j^Lja^-i j^Ip .AxOu t W ; ■ - i 3 ^oiji L\ ^ 

Ju«j Sff^iJi cJL*i>- .^>l ciil l^voklJ 2L5i Ail C->ljbt5l ji jg-<) (i^jUf I Jjb 

5ujl*i( <j^>bjjcJkl ( j « Sjljl5 XJs- ^ciiJ « J5" ^ (l$ j-* & v^*) ,3 1 dS" • 

_jt ^ 1)Ll« ( jLj**5"_ji jL*) jL_p ^JLp iaiii! 2L^i jt 2L_JLt5 ! i toL^l 

I^>lJ j ^ Vb>- ^-s-J^b jbtii OjU-bli LLo . (Jlp U*. ^ C-^- J b^ ^wiL«Jl jl^j_JL-Jl 

.U-^JL>-b jbtii ^jIp iaJLJ.1 ^JJJ b^zij lib- Jjb-J ijsliiS.l jji 

cbJ^W c L*-*i jlS* ^JUl j (vVl ^j-*^ y) 3*3 (cf^ 1 <£s*) ^3 0-^ * 

^bi (MgCOs) ^ O'LJ j:J> ail* ipU^ai a^L_>JL>- <L5j ^L? ^bi^l 
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Ajiy* <ci>b>-l .Aj ^ j j c ^.y^' *-» ^iaji^- AJLP ^iji) j A_> aJU^>iJ (<_£jv*>) <~-J j—Z — 

^* AjtL«j AjLwi JUL* 

Craig Thornber. (Thomas Henry. FRS and his Son William Henry. MD. FRS. GS) 



[WilliamHenry(c.l774-1836)^ ^>^^^'U^Ji jl-T, 
.1 j^&i ^ (Manchester - aj^l. J c *i J*l~J' J y 




^ *ib- (William Charles Henry - (jj^ JjU ^j) ojJ^ iju^ .4=5" y- 

(la*- (J*- j Jjll) «L*- -Lc* I £l\ <uJ yi» JU 4*j*-j 4-*^^)) 

jva^P ^Ip (3 ,jw-o-U5S il^sr JL»l»r JUi3 . dlgrU 9 1, ,...■>- A-#-i j^l 

JJU«Jl AJ)-U» ^ \Jl '--r'fte <.\Aj> J&ij IgU fi\ aJjSjJI 4?1 j-W j-T 

pllajJi JU^I £ja£ jZUzj j ftilay- ,." ^ j^Jl a5 j Jc^l a J r 

^Jiii ^ si j SiLg-i ^ J^u- ) c( 1795) ^ (Edinburgli) a^br 

Jje-i U^- iLL*il <JL>- IJL_il Ji] .4-5^1 ^ y>S r i ^ dJi— & -Uj ^/a^J (1807) fL-f- 
j ^ysl yJ-I wjLjjI JLjI j3 ^Jj- j ( yL-J^>) 4>^l* ^ ^_JUil >^^JaJl i_^u^ 

%*j ^Srsi\ (1808)^U J* .(j JLJ\ cb^cj^U- SJ^ ^^j^lili SLa>- o^VU- 

n) ( Copley Medal - Ji/slJi^) 1809 ^ ^ ^ 



Jy>. ^ ^ijU^j^Jixif ^cJij 173 1) f ^ hjt^ *?\*r - Copley Medal (U 

iJL, ajjU>J (Stephen Gray -^ij-S'ji^) ^^JU-J^s-^ J_.I .JIjJU^jJi^aj- ^_,Ji_j L.U- i-Ji ^ fjJ^i! 
, >x,\ji ^ ( toil jJi JJi Ji_v^ ^) Si- ^JU. Af-jw (Sir Geerge Copley - Jj.jS ^jj^ jwit) i^-ujI ,J jii^Ji 
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^jlj £a ^La-s^JI ^ ^if'^ Oil^A-VI Lo-^' "Vj A^jjlilj <J^>^>tJj A^J^br (t_$jb&) jAj 

0 J^J A^s ( 1 802 ) f b^ ^ aJxIII A^Aa^-I A-J^L« OS^ . jUJi <J*jv2J jLJ ^g-J^ 

.s jiL. ( 1 803) Ji^ii ^uii ^ i^i^ ^^r_j aijjJi dJUL' ti^U AjuJ .v^i 

jliii /y> i^<^S\ i^jut^£> Ob Ajibi>- iJ->Lj1 ^.o JJLb cAjili^Jj lo*.'^) ojI>- ^-^_J 
i_£ ^JU JaiJai! jl JlLo Aipbja^ i y^S.^^- tU| ^ A$ .^JuJJLj ^Ip ^bf ^ ^>-_jil 

.<U-*-l Ja^xj^JJIO ^Uii^iLJU^S'l J,|(c? jbft)o-'l]i?-*>lll _} ^_Jjb>xJl ilij OOiii Jtilij caJp 
i^uS'^ya JbJLsJi ^ AjL^j j o e-br Jia^ AjbLJaJ ^L-JU O L5Jl wiii 2L*J&V ^iajJbj 
^ O jJbail «-L>- Jlii! i_s -J ' _ * s ^jLLz^- j <Lj ^?*iJl j A— g ;li A. .a^^JI 

: Jb U5" (Linus Pauling - db^ ur ~uJ) **J>1 (^.UJi 

S/iil ^ ( ^ LaLLS! yJl ^l^Lst *J ^Aii ^b<3l . ( 1 80 1 ) 

t LIp ^ ^ c£~H ^ j <( 1 799- 1 798) ^. b_« 

tU^-^AjjJ aj^i ^ s-i^^i ^ siii ^ii (1824){»b^ t j_>. UcJj J> (<sj^) jj-i 

Aib^sj (J.I ^ULvijl ^15i 15* j) -■" ^Js- \i j^u 5Uu* jil A^»! ^ol^ Si^btii Al>t^3 1 $J-^J 

<LL« aJp^LJI^ ^^VU ^"Vl J^i Ails' C-s«A^>-i yUaJ Jlo$ .aJ jiis ^ J. j'VI 
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\J± u (Craig Thornber - j J dij ^) ^jy* 

ijjdl dUal &*-ULl SUJJ ^U^i Ja^l ^ 4sJ j^j J^r jJH JL» 5^1 LiS'ji^ 



Henn . Charles. /I Biographical Acitnint of the Lute Dr. Hairy (Manchester. 
U.K.; F. Lhuk-\. 1837). 

Kiiiihmugh. Doris R ."Henry s Law and Nois\ Knuckles.". ftwrnai tri ( fictmcut 
Lrluaiiion.lh{\\): I5(W, IW). 

Odian. George, and lr;i lilci. Schiitmt\ OutlincnfCit'iicrtil, Organic innt liiolt)iz- 
util Cht-miMn (New York: McGraw-Hill Professional. PM-I). 

E'auliug. Linus, (ieiierttl Cla'tntxtry (New York: Do\er. 

Scoll. E. L.. "William Heiuv." in Diciionarv of Stwntifie Biftaraphy. Charles 
Gillispic. editoi -in-chief (New. York: Charles Scrihnei 's Suns. l ( )7(l). 

Thonibcr. Oaig. "Thomas Mcnr\. FRS and his son. William lienr\. MD. FR.S. 
CiS"; see v\ w\\,iliornber.net/eheshire/ideaNmeiidieiir\ hlml. 

(jr}"i *i "<_>< 

Albert Einstein* 1949 interview Alfred Werner* .Liberal Judaism 
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tiiSj AjVi^Xx^j (Ail— <^b J>\ "-"Uac- j 01* ;A3iUc j?0 jiQ aMw.^ 

Roger Penrose.; The Emperor's New Mind. 

.XsJ . ! bj^iLs- £— >bll 0 jiJl ^jo jjLf- ^^Japl Of ASibwXa U1 • 

iu>~i& aJ jLii a—^ [( Aian Turing ( 1912-1954)- dUjjj 0^1)] ^^-^i 
6j i [(Kurd Godel (1906-1978) - J* /a /)] ^ j .^bU-Ji ^ suj^ 

cJlj *bu^» t/ 1 cT*" J OUj V i»^9M 01 bt>- AiiWia CJl^j ?bw jJSj ^1 U.y&i.n j^w j 

?(A*JL3iiLJt-l) Jji 

- Jin Holti (Obsessive - Genius Disorder )< New York tember 3 4 2006 Book Review. Sep 
. (jujt^Ui ^ij - ^V>,toM,tl ^y^l^t) AjUSq^. TitVtii* 

iuty b^L& ^^b jjl 0b£i! AwM J\ A*U!l Jbr/ A-i jt&^l JfcU (Ib-*H ^ ilbj* • 

l:?-^fl t,!^ . .. jLa^lj J*>^ J^ulSy j OJjsIl J-^j b^J[ bf j^^^j bk Jia*j 

LfcUpju^l bib J je^^-vflj^ljl^-lj^i jA^- jjbt? "if j) ib^W **})J b^Jbw^^^^i ^Lij^lj* 
OjJ^ j^^^Jl jyP |^JL*-lia* j Ow*b jJt tUjaP ^j^C Jii) . (jstJl j^J U-^iiL UU^sal ji 
l^ib J^tf j ^ Aaa^ ij^^l^^lj ^ijjl jU«li JQJJ AVrj^-loU — .ill 

Ol^Vw^o^ 1 jlS^lj^j^C-i-oii'jU- AjJA o*>L^-tJ aJULS 3j jj VI ^ JU ^ ^jUp! aj 

jJj - I J^jAl . . .* y>U»Jl flil«_Jl ^".^t^'j iajbJl A>- j^5l t t-fl"^^ ^A «j j»Ls^j 
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0 J^ba*- j**> ^ OL»S?l Jj ^^J' Sb>*Jl aJLp y.<^rj> A?bl» ^ j iLS'\jj> oUfcLJ^aj 3 
bai5 Jb j JU^» C h 01 f) V" 1 ^ j j*— Jl ^5VJJ J--^ V* £-4' by* U . 5.bs»ll 

Yuri I. Manim (Mathematical Knowledge. Internal Social and Cultural Aspects. 

LIT ^ ,4J U Li£-i £=4ij AA^at U jJi 0 j&l J~"*i ^ j^LsIlj 01 • 

D Aj:>to ftbj-flJl ^ JJ^lkJi ^ Jb^J^^;^ A& (j^-lJ$) jUill j ^Ali 

01 blj ... (E=mC' 2 ) »jyil j * v>(ft\ s jt$-^ AbbJ,l IaI 3uo liM ii. ^ <Uj jlaj 

^tki ^1 j; LgJlSLab aJ ji djUi (a,- »Jl S Jy I j^alV O jl—* -Ul . Jby »UaJ ^1 e-b 

g-i—X'VI ky.^."^} J^adli ^LJJ Qj — Ay..wJt ^ jft jLffls^b iUij — As?-ijJ C*Aj J 
bi*- «,b j^ill flJULS U . «.bj;fiJl ^» jl* ^9 OL-i>U jll (Ji^ jJU J>-**N ^ jjdl j JjAAlt ^L/^l iJli j 

.j^Jbp ^Lj t-SJUi^voAJbj ibJj^j^Oj^U bi_y? jjj LJtla^'iUiPjjJlj JU^-l^y* JUjil 

Leon Lederman. inten'iewc September 22< 2005; in Sibhan Robert's 
King of Infinite Space. 
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&ki*«ii ^ijUii ptMrV dwjt - <5t£ j^y 

GAY-LUSSAC'S LAW OF COMBINING GAS VOLUMES 

:1808 US ji ^ ^ 

^1 jLJcli ^tf ^ o ^-JIS) jj (CHARLES'S GAS LAW) oljUJi J,Ui Oj-JlS 
c~-x^ o^r j (JOHN DALTON 0^ O^r ) j (AVOGADRO'S GAS LAW) 

ALEXANDER VON) c 5^1* oj— i jJ-^l j (JEAN-BAPTISTE BIOT) 

.(LOUIS JACQUES THENARD) > s ilW lS/j (HAMBOLDT 
:1308 j»U Auri 44 

.LJu ^ wV-^^ti^ -^j^'l 5wL>txil OjU"V jJl C-oiiji — 
ijuilS" (oj^-vJ ^) cjIp j » <u«oiij ^j^} ((jArt^ ^ dJLii jl) j>L_5 — 

.^jl J)\ •JLjj. > J A^oLJlj <L alii-! AjLi ct.a^...-j C^Lo-AiLl 

oi'il Lc^S* (181 1) ("Lp ^ 0 ^^^J <° jJL^h^t~/> jL» Jplisll^Af LilO^UJlj 

Amedeo Avogadro) jLk,Vi ^L*^! * uLdi ^jU^J 

uUis^ t>* kjLdJ pL^-Sn el _p-l> 2jjUJl e j>f<ii\ <uj ^kj ojjo Jb^-i j [( 1 776- 1 856 

Ajjlill 0>'Cjj^-I jl ^l*^-JU ^ iJbJl 0>i:> ^jIp Jajukilj Sjl jj-l k_ C-^- J CjI jUJl 




.(Avigdro's Gas Law pa) 
s\J-\ ^y- 3j>- j^l) olyp c^- ( 1 809) fie- ^ o j jJuii a^j j ^ (iiU- J - ^IS") ^iSU 

dJij'tl ^ SjJjsII SijUJl 01 j li* J jj-p kw»w> .j Ja*^\ 

J j-*- w>jL^5i ^o*5i [Alexander von Humboldt (1769-1859) 

(_£ jjl j tOlrT J^"(Jr° <i -** 5 ?- ; *" <— ^Ij ^-l>ej q\ JjV JpUxilj v_Jjb>tjJi iiJj ^ 

; JtJlif Li^p *Jl _jJ L» L^Tj .0.1% Ujlj-L* 2iiLLij _jjJ^ jLt 1 :2 

jl>cj 0l*^t>- = (yj>z*~S jlf- Jj>-1 j (* J? > > - _J J 1 -*; jle- jl*^t>- • 

^ JS" I J^- ^» c la* ./all ^ Sjl__J-l c->L>-ji «3j ^-JJ O-* 1 — j A_iplixll 

J_f.li ^JasJl ^ JufbJl 2LipLiiIi f Lj^VI 

J-f-lflj 1 g-J-s- (J-^- S_jt>cJuli ^JbiSlj ^JL*J J_5^) ^5 — t_cl5" 
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.Uj^/l jte ^ OU#*s- = 0«?-jj^ jbi -^"'j i**"*" + Ot'rjj-b^' t>* • 

.iu** otj o.'i JUpUHI 0I3UJI 01 - iuJUaJl 5j ^^b j - J j)) 
ofr 4 L^-jlji cJ ^1 aL>^! Sitf" *i\ j <u~£p U J*i)b IJL» j tub 5k--j 

^oijj^Ji — Jb U.3JU j» 2 J] 1 ji 1 J[ lAi^vifUv-is — i^jSj 
jV *l^l^j ;i .*)j^JL»0b i v i' ty^* ail *fU loir jllj^o 

iji ^La d)JL»- b j If I j t (w-v^>- j U US' fa..-.; d jUJl -b>%3 

j .^st-^w? Ak....,; c..!,.,-; L-A>l OJ*%* ^yaJisll dJJi jli A^Ul OljUJl A 

JS* J,l ia'u^lj 3) 5JLc-Lirli ^.b^S'J 0 jJu,ajl i^biil alJ^Vt <j Ip 

^vLp! _j l^J^ ( *iU J - ^IS") ^-^w (jJl ^U^bil _j o-l^-i) ^ tj^. Lo 

[John Dalton (1766-1844) ^ o ^r] ^V^' ^ ^i^i ^ 
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^^L-S^ ( _ 5 -J^l^il ^^"jlil y_P <.^> — OJ^J 8 Jj)U — ^y. 

jpr jJi^^Ui* — - J> - o 'lS') fy-^ j (Mourice Crosland - 
*SlL> ^ JJ\ ^^o*^- 1 j.^*^ kJiull > jJ* «.Ui* JjsAjOI IJLjt J-fr-J* i>0) 
^ jdb UUl A*y» JJl— it JtSlJl j aJjlH ^jWl Jb-tjf 

.((iJijiiri^j J faiia£-.Vi 
^UJi Js. ^ <uy is a^L^ y WILIS' J - gjiO 6 5o? ( 1 802) f U ^ j 

X^lill iallail y- vJUjlj i-a » ..^ C~*- jliil y» <U^t» A^-*^ ^* c£ 3 JaJ' 

I US' \1a 0L» ^ ~ iS\£ j y\l) 



V = kT, 



As^-ji — T _J ^Eti*^' C-J.lj — k _J C-J^J -lai-sis AljJt-* A^o-i ^^o- — V jj-^ v^~->- 

^ji-ju ^-S'i J_i jl_S'(*JLjjI-^l5') jSl vl^ij o^-^j a_JJ J_^>y ^ J J 

Jacques Charles (1746- JjLiiSW] ^-J >ii^L^S JJ -iJ k i> Jl^pVi 
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.*3 jJla^ (1787) r U3i Jl l^.jU jyu [(1823 

.(1881) r u jJ~ 3 i^j> 

^^Liii jL^il J^cL^yjL^-S^^dAiij (L^ 23000 ^tJlj-j^j 

4jL y£- 5ilS" 0>jOtJj AjjL^^vJl 4j"^>-1j C ^U^j 0^5*0 • 

5 j 0 d^i jiu . ( 1 808) ft* iuJUJt i****^ £U*r I ^ «ui*l Jui 0^ ^Jtfl j j 
i*JLb iftbj-iJi jll* ^ 4;U^ (iJu jJ - <^lT) j iij <up ^bj ^ j^^iJl jSUJij ^US^Ji 3 ^Jj 

Maurice P. Crosland^ (Joseph Gay - Lussac) in Dictionary of Scientific Bio grophy. 
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Joseph Gay-Lussao qouted in Maurice Pierre. Crosland's 
Gay-Lussac. Scientist and Bourgeois) 

■ ('{jj 1 -9-?" ->^J («jJtjtf* dJLil^I - [^K) . ilTgjjA. yltVTS,* 

k<^\ ^"Ul^L ^^xi {jcJJi [Joseph Louis Gay - Lussac (1778-1850) 

Saillt — Jby — j.> — jU^J — jL*>) i-LiJL* c^ljl_*jU 5 -Jljj-iii cL.^.'xJl j'l <£ 

- tjlS" ^ j J-*^ 1 • ^ y j ^ ( _ Leonard - de - Nobalt 
> 

Cf^A~^ A - J6 y ~ c ^ ^L-bxii ^ (Antoine Gay 

, J-*5l <a*j ^LjLdxJl jjJj ^ tc^\ j$ 3l*SoJ cr ij^ (Jl ( 1 794) fe- ^ • 
. J ylJl oj yJl ^±jIjj>-1 J*}^ ajjlj JJL^-i ji i3^Lu= j .o-Jl ^ (Jj^ r ' (.r^b*- 1 ^ 
2LiJi JL-jjdi ^ ^ isi^J (iiuy - (1809) fU- ^ • 

jJUa - w^p! t (Genevieve - Marie - Joseph Rojot - ^>-jj 
4iLi^S"!j tL^'lii Jj*j <_jL>tpl Lfff l^ilsL^. j SJL»«Sn ^^J^j^- ^^JjtrJLJ c-ilS'^il ^Ll.—.'^-I 

.JllLj) <L*~*jJ- L*v^,iU~) 
j^joI ^ j iJLJl ^JojJJA Js cLx^Ji ^ 4pl^A r l J. 3—1 (1 832) ^L-f- ^/ ^ • 
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lAjljUri <J ^t-*^J AjL«1<^&I AwSt^cJLa A*Jli? ^JL L««3J 

Lk^- oljlili 3JLi Lj^ ^JJl 4jyl» Jl (i5U-jj - g?lS") (1802) ^ ^J* 
( J;Li 0 jiis) j f^Ji <j y ^ ! ^ <^ t i?U^Vl -up - 1$jjI j>- oU-j-b 

. ( 1 787) ^ U ^ ^JuJl ^^.U* ^ ^1 ^Li A^ii (JjLi) ^ Li ^jip pj- )\ *zA jliU 

^ jLp c^i ^ (266.66/ 1 ) ->. ajL-j-j ^ jUJi Lu .ua^ ^ _j . L^Jji^ 

jt—Lli to jl ^1 ^0Jl?-1j f^Laj'jl A_J>- J$3j Aj^il yjwail Ojl_/>- A_>- ji 

^ (273. 15/l ) c-jC iai^ cu£ jUSi ^jlc jUX. jL Li j>y j$\ a_jj>jiII 

■ °^^ > ~' J *d J-" 4 J- 1 ■ jji-^aJl Ojl A>-jJ> ^ <U>t> 

Jb~l jJL^li c? jo I oi ^ a^j (*JL- J - grlC) Si yLl (1804) *Lp ^ • 
yjl |iU5l V| aJ ao-L^j V o^l ^ ^JLS' a^~«J-1 <_j jli £_^j^ (Jl ub-*: -^L« 
[Jean - BaptisteBiot ( 1774-1862) c_aii - ov^r] ^ 

.^^j^fl jj^- w^U A*j*ljjJ 
Jl J Jl ^ ^VfXi wLJ jlS'AjliJl 0 ^^AiJ^j A5V<iaJl ^ J .cA_pUJ j^I <^Jx^ 

Joy j^Li ^ij Ji^-tJ a1a>I ^pxJi ^k^.- (iyOjL. 7c 106) »j^5j ^LJJjl 

VI oj^^ (i JuWuib JJU«Jl ^Iffliljl 

oy jj^jxji] ^j^i iJ» t^iij ^LjtJai) ^iu ^« oL_*i^i (1805)^1-^ • 

iJjuji A_iiJ-s [ Alexander von Hamboldt ( 1 769- 1 859) aJ^u 
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jLJ iibr oC^J] ^ yi]) ^j'U^JI o^.iiL* J - ^tf ^JjJ^Sl (1808) fU- ^ • 

aUlp^ (Br) ojjj-Ji^wa^ [Louis Jacques Thenard (1777-1857) 
Uoi J\ c^i^Sj}^ Jj-^M ^ ^jytli (Halogens - ^L^Jl^O^Jii ^ 

JJj£ J Jjt* iL_*^c-] — Lj ^jJ o^-Liil ^JLIj { j f Ju Jg^ — dA-Uif ^ f-^} . j_^KJl j .> _j_Jl 

ijji^L+s^jA} (C 2 N 2 ) ^ s-^V t>«u^ (1815)^1* ^ j • 

.N 2 0 5 < N 2 0 3 4 NO; N 2 0 :aJUi tooJ-i 

.[John Dalton (1766-1844) ^Jb o yr] js-fJi tSjJ&ON /U- j ^'b^ii j 
Lj yL! yi j-jsj ^ ,juj ^JuAl 1*^j>xj (i^Lj y~ (_^IS")j (jlJb) 0U.UJI ^ 0Li>-lJi (J-f v 
:>Jif jljii, ^ jL^ *S jUl! ^ Jj 3i jliJl ^UaU <jj!^J-l :>Juil ^> ^ Jp- ( 1 802 ) r»Lc 
,bli l$Jp kl....U k;^l ^Ll L« bj I J J~\ l^ji J ^LL'j^i ^ oljLiJI aitf 

u? k^L>- ^wuaUtf ^Ji cjU1^5-I -sij^iai (1827)^ ^ a ^y^ S—pLuiJl 

(^Lj ^ — ^15" y^^i) iL^sl j^j^jJj^LJl ^U^VI (^yj «— * yf- -w^; ^^^^ 



SCUg) ; N0 2 (g) ►SOjCg) ! NO(g) 
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J ji jlp y.jJU SiU^/ iWl iaj ^laii Jl dlSAS' *JL*j7 jSJ^Ij jjjJU j . j^SjJj 

Jl *JL^ (N0 2 ) O^rj?^ J! aJJ— Si SaWj (NO) 

.^j^^Ji j ^iii 0^ Jets' i^-u*j2j (uu- 1 50) 
(ef ji yrj^_> (Il*Ji - iiL- J - g^) js$-sJi ^ (Crosland - _^) 

cyJ-i (i^L^i <s_ii <*— «JUi ^"^-Vi J*^ y> — ^j-jfti^-i 

~i A*— iaJl jOl 0J) J ^v*l ^ ^ ^) , \jl> JJii ^g—jilfUilj 

ly c^Jlf' . . .(5— ■*» 
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i^Us-Z^I y& iUjjJJL! (^J Li>- j^-^J sJbyiJi «Lcl*]! Swas^tJi a J_» ^ Li?- i^b^P^t ^ L_£j 
S*U>1> ^ Juii L$JUj OlS" SUULl JS" £. j UOjIS^ jtf ^1 f Ytf JS' ^ j ( *JL*. jJ - gels') 
L<>_$3l jiUJi U d^ij (.4_jApI~o»j ajISju^I ^ *C oL>- ^ j y^-\ ji-lj yiii 

dIL- *v ^ A*J df > (Justus von Leibig (1803- 1S73 ) di_J j ? ^^r] jUS/i 

:^5>li-l a ^ ota) aju> JUc-iVL; ^ l/V"" ' U ~ J " y — Lfe* <u^Lv2 ^1 

J jJaJl ; Li>M J^l ^ Ob c^UJL* lit b\j jJU; 01 dX-k j) 

^LJli^-»ui oLiiOtf' .(«! ■uTlj.Mj s^j-^i *j-*^J jj*<uj*i ojUj 
( — wb ^/^^jo-i jf dlSi^S L-»l£ (t/a-*/) OS iiU 0> jV' 0 10^1 j : o 1—b 

.o^ ^ tau^t [Louis Thenard( 1777- 1857) 

I ^jJ-aI 4->-J Ji^ (1850) ^"Lp ^ ax^tljIs^ c~> ^Ifj (j-^J 1 -! £ ~ c/ J~* 

dJLiJ ^^ip <tibL<aii c~? JSj (\ Ji» jL£ 26) a ; j^iil v^jIa jjrJj-^ oi 

.5L_JUJl ^UY^USl ^Jrl JJ d ^ (1935) cL-P 

(1852-1923)- Jil ^>L^./) ^Ji oyv^l ^L^i >5l *L-JJl 

.^ojb ^ ^^jJi (Jii ^-y.) iwb ^jJi (Gustave Eiffel 

.^kxii !JL» ^ J^iil t^t-l (o ^il^il aJL; yfxli j»^_jS* O^ili) Usj! : 



.( r -r/il).(76)*e , 5H .Uuv^S^^pJU-yjiJi'.j^ ...) (1) 
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Brock, William. Justus von I.cihi^; I/ic Clwmico! Gatekvi'pvr (Cambridge. U.K.: 
Cambridge University Prcs.s. 1997). 

Croslnnd. Maurice P.. (itn-LnsMW .SW<*/i/r\7 niitl lltmr^cois (Cambridge. U.K.: 
Cambridge Unbersity Press, 1978). 

Crosland. Maurice P., "Joseph Griy-Lussac," in Dictionary t>\ Scii'irrijic 
liioyr(ij)h\ . Charles Ciillispie, ediloT-in-chiel (New York: Charles Scribner's Sons, 
l<*70) 

Guy-l.ussac. Joseph. "Memoir on ihc ( 'ombinalion of Gaseous Suhslances with 
U.i\ch ( >ther."' \fi-nwin\s dv la Soniit d'Amta!. 2{2U7). I WW: translation ( Alembic 
Club Reprint No. 4) reprinted m Henry A. Boorse and Lloyd Mol/. editors. Ihv 
World of liiv Atom, volume 1 (New York: Basic Books. I%fr>. 

^jjj . bj JLsr i_£bjjl Ob Jivl\ <Jli\*iS Vvbjj .Olsjlib V 4 J-Jj <Ui ^JbJb J-*^ bJl • 

Ol ^« ipj> J^bJlj jL^*^ b^L^tla&L^^.J^ ^(b^j-aUj bj^S'Sj jfl 

.db-ftoSj? U J5 , JjX^^ J J ( J,ji^^ j ^l^'b^ ...Ol y>J 

itfcJ ^— ' lilj Lfti 4*UpI j^>j blSj iCbjj^J^l i AJb- <uJbJl £jbJl to) SJ 

^b^i ls ^Uia*y5ibi4U*a-.<l^iJl JbJt^b ^^iiii^ldSi^^aJUtdAJiOl ^i(iL~flj 

Jb-»- dJULJi J:>U ^ * jdl ob j 01 . Aili^ tjJJl; li oLftS" j bJi yu« Jt 4. dJI* j 

.^LU-^sr V.*** 1 - SalS'dAJ (cjC ..rl)j 4 bj..,.Jti dAJ jx& iJbuilij ijt&t Sj Jill dJLJl 

Seth Lloyd< in John Brockmen's (What We Believe but Cannot Prove. 
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l^jli oLjsb jji i&IiPj ip-jj^-J . j^aiij J^-^ 1 j-kf-j^ ^ cJi j t/^l^Jl dli ^ dLao 
cj&kto & c — I) : Jti ^ ( Leibniz - J I ^ J « Je*>r^ j5-jJU1 

Authony Troraba< July 2003 U C Samta Cruz Press release 



[E= mc : ]4./e (N ((Z)) D<Z>] 



.Ifcj^tf^jsjtj fc^ajt* (44-5^-1) ^^^PA^l y 4 ,^^. 

Yuri I < Manin* (Mathematical Knowledge! Internet 
Social and Cultural As pects)< March 2007. 
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AVOGADRO'S GAS LAW 
:181hLJlkM 

r L>^Sf iiL-y -^IS" Oj-JUj (DALTON'S ATOMIC THEORY) fcjJJl u*-^ ^ 
(GAY-LUSSACS LAW OF COMBINING GAS VOLUMES) UL*JT 3 jUJl 

:1811 jkU 

j _ ? *^Ji)3_IU}i j (Jane Austen) jt—y S j ^ r -f^ i 5_J^ ^^^j - 

.(Sense and Sensibility - ^L^Vtj 
ju~i iikL- ^ ^---Ji wb-i ^-JlSl* (n (Luddities - j—v p— ^ - 

.1 jdKjj 

f^-^ii ^.^(CharlesBelDJ; JjU _^Ji ^jdb^ty ^ytJi^lPj j^SjJi ^ - 
iJUi J y>- IjJ\ Js\ ^jiilJ^l d_i ^- i( L j jiJl ^L*jJi ^/^j >. J y>- oJoJj^ ^jO 

(1776-1856) - jj^yi ^u-i)] ^'tijsiii a*-^ ( jj^yO Oj-Jii ^ 
jL^^w^ui j*~\J& (1811)^^ [( Amedeo Arogadro 



JJi _ji ^ ^ > VI ui> >' l&iM J ^Ui ^U^i :_*>■- The Luddite(s) { 1 ) 
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JaA\jaii ;OlijJHj* { J&i&Ja}\i r ~ r *>kj>j ij\ <J>jJi>j&izJi-os yr j^ 1 OljUJl 



,<j^l jliii Jb-f ^ o^^-^ll ^lijjJrl j>JIp — N 1 

ApLipVl *i « jl y- <J^br ^ 45 j yti! <J^>I jliJl i_J_pl { Js' LL^P ^AJl J&iS 
iaiJaJi ^y-P 3JJS <J^1 yAj-si 2_j jL~» ^ «-/» ^ _} (a-j^I* *_j>rji 25 — 20) 

^jsSl i Liajl (jj^l5* ^$1) <J,| C->l.LLj-'! Ji^ d-is^-P (j-^j ^Ojj O J^^^ ^i^ 9 



V = a X N 



sJlp Sa^-I^ 0 ji ^yLp ^ J t£ ^ <_iJt5 Ji t-s-^j cS.sL<> 2LJbj^iJ\ c^l Ails' ,J_-*j£ 

ijip t (Avogadro Number- ^jl^) (jj^is" ) ^^SCii L_du 

^.IjJlJi ^ [Q^^ij jji^i ^S f i J) ap^ 5^ ^) 10 23 X 6.0221367)] 



(_c jL*Jl o j jJi jl» aJp j t S^lil jJUJ oL»i ^ ^ jJJl a3 jj (jjL^~j L» <S j->H 
- jjUi Li ^^-^ j - oS (58.6934) t_?j^u j j ^ JuJl j J>LJi ^^^J 

3:> ^ jL\ ol jJJl ji ob^M ^Jlp OS J! La SjLi^b ^ . U> (58.6934) 

^L\j IJIJbS*— Jjj 

.[Johann Josef Loschmidt (1821- 1895) juj> J 

J^>«£j Lpo iLibto^ a j j ^aJ i v.yLJ ij^W*^ ^c-^ (j- 4 C^- 1 } cs j >^ *^ r _j 4 — jL^x^l 

y. ^Jr\ ^J, 2S\jy J*J - UgJli^l ^U^V I j JUl 

L.U IaILaJ — L^-*iip ^^Ip — o^u>tiil Jl a>-1 — « oj jjl ^J\^^j>- i - r j> 

. jLol J <3_ji ^Lajji ,Jjj 

L^iLpl Lj-J ij A*j aJ^I ji\ L^?^j C^Lbj ^ J? (24) Jl (1) 

Lj— ^S" J.! I^j^Lc-S ij-^i iL^-j <_£ y^-Vi Jju L\j»~lyi Lj^*^.- ^\—^As-^ \ ^ >^J,| 
24 — 1 ^Ll S^Jt>jiSi <_r_»l t^>u< ^ Ljjw ^^oJZj^j ^j6\ (i>t-j>t^ail) <L>c— Jl J.] 
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(ilk; j^Ip j*jc~J j J—^j £ AiLj uIp t (Turin y ) ^L-^Ur ^ ^^il] jis" 
^ jj^Jb ^^-U ^ JS\ & .L-iJbJb [Stanislao Cannizzaro (1826-1910) 

^JL«U^ ^UiJ jI^jI Jl aJU* y jlS' Jb>Jj ( ^jljJlS - ) <ul>- L. j .aJ a^pIjJI sJyyi 



( 1 969 ) f U OUa^ ui <uJ-i ^ Ail J-iVi jyjJi ^ - bJlk>i J (Quarengra) 

>A>- y> t5jjl*3l sLil v w ^Ip ^ ( ^ i^ui) ^ jL-Jj ^15 ^5^*-^! >-jL>- • 

^jV^ C-i yt5 1 j^kjX^ jC^P wbs-^ <~j jLai! ^bij jl ;L^pb j (3 y ^-ii vJL^> j lij 

200 a^o-p ^A-Lj t ^ r * (_^>t^>j ^j-o ^ LgjLol^j 
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Fort) J-J Ojji iliaJL* ^ 3L*jt*iJl p-t-liail ^gip (jj-slS - yl 3.AP) ^1 jilsi • 

.^^^L^ ji! ^Uoi ALkiii dljL^r ^. ^Jax«J 4 j^lj (Collins 

.^AUS" L$J (^is^i ljuJL^, J* (Susquehanna) Ul^y 



ttal L» ^ .^Js- ^J^j^—j L* cLJl tlXJ-! o ^1 ^ tSj^lJi^ Slc-LiJj ^ijliil ^.l^-l ^ 

Amedeo Avogadro* (Essay on a Manner of Determing the Relative Masses of the 
Elementary Molecules of Bodiesc and the Properties in Which They Enter into 
These Compounds )< 18 11. 

(1776-1856) y-L±A ^ Slk,^i ^ — JL^xii ^ — .J 

^ jUJi ^ j-^ii <^JUt [Amedeo Avogadro 

^j\—!^\j>^<S j £ji .4_JLki^i (Turin) 

<dt« uii>Ji J.1 oi _^pjj -ui^I Li_j LujJi JJ? .L$J oa^p ^^^ciii t _ s -^=>- t(Piedmont) 

aj^i! a^L: ^ j (Ecclesiastical Law) ^^-o^t uii ^ oij otfi Js> 
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J> ^ j jJi ( Vercelli - US' J> ^iii ii^is" J^JJ ( 1 809) 

.(Turin - Oj J) a^Ut J> v^Vj 1 <kj^ <J (Jj^N 
( jj^is" <f\ y.^y ^i*Ji aJLvii o ) wii^ <jJy (Mario Morselli - Lsr L* J y 

5ij«»ty 51—^ <J*^\ j-^rk ^ js^bwj afrl jjai j ji^ ^-i! ^>L-i -$)) 

^Js- ^ ^ J V j *liyaJl '^oio 4*. Jl ^Jli&l j j j V«f ifl.t* Jl 

oUJSOaj j^JJla*! jit U 1 tO^-Vlj ^U^VI^^UsrVl*t-£-l 

4jl j j ^ J^ai ^JJ! J-Jrl JJLJrl jSaJl JaaJI dJJi t(5 j*>Vl AiL»w?) ^ 

-njiisutj ^ aji ^ j ajL»- J*>U- A*^si ^.(^jiis' yi) jja 

. \^>j^su (3 L^JLLs? ^jJ 1 y j j\jti\ ^LisSv^jl J* aJLwIjJLi ojl^ijjl ( J_j* (iXSi 

5JLo^53i c^^UxJi jaJLj^I tL*-53l c^ULJaj ^ iil5l»^^Jl ( jjMSylO _jJli)J^j 

^Lull S^j^JsV ^JL; tiLJ-ij (iStjLjl IJL-j^- dijyt^jj^o^ ^gJl ZL_j_jJl«Jl ^^.Jj?- j ) d_j j,^;.g-'>Ul 



0 J-*~Sjl ^Lii Ash^wail dJL*-;Xil Aa^jA ^ LdU- ^j^-f (1811) ^ L- P 

.LLp jJjaJmj c(H2S)0^rjj^ J-A^(S02)c-J/s^il JL~-S"ji jlJ;(C02) 

rjs -J^j(Cu) sr l>Jij(Pb) t/ *U ^(Ag)JL^(Fe) ^ (Hg) 

d yi ^r^} j>y{Aj> ^3^. *jj (Aaron Hide - j^jO^-^ 

Ojili J^JU^\a^35jj(1811)^^-^j^[J^j - j^lS^sljc^)) 
olji iJLP^jL-Jl^j^ jaljij ...4jjiil(j0li)4-j J iiij-(iJL_ l jjJ-^I^) 

i>USj OijliJl f ~y>y iklfcll AjjliJi ^U^'^l 5j jiai * U*i-it IjLS' 



(ClOHlS)^ sjl^J* aw- j^LwV^ ^U^^ ^J^Jjit-b-^ .j t y J ^,<j,yist. ^.L. - Turpentine <H 
.(CH3 - CH2 - O - CH2 - CH3) ^L^& .LiL ^JJjUf J-^i > - Ether (2) 
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[John Datton ( 1 766-1944) u^Jb o ^] J^. >i u< O&Vi ^V-&i cr ^ij 

- gjlS") aj *l>- <j;jJ1 oJ^iIi jUJl f U-s-i o ^JUJ icA*) Ji - J^VI LJj^- - dAJi 

Ju*l coils' y i) u,tf ^i Sj^ji J<J ^u-Vi ^-Ji ^ j^Li (~bj) U i^ui (iiu y 

Ji ^jLi ^.sl cijljj! (^-oijJi £*^>*-ll JJ l)^£L^V1_j J\ ifjii J5y <*_j^jL4j 

s js- l^Jl J-,*? y JjLls i<LLb»euJj ^»Ull dJJj Ji3 Jll^Jt (^j^lS'yS)^—^ ^ 

LgJL~-J Jl Jl ^..UixJl ^iii )\ a jP^sd. Oyl jiil _j ^Liil .^JLiJ ^LlL^l j! VI tjijj—* 
J^IS" ^J^- (J-Jaxii ^ _^ii3 jUlil Jl Sitjsl i^lpr lg-ja.*jj 

Lc UL>- *l ^^>-VI j i_-jij>tpVi ^^^l U i -J>S ^ .<_< ^i-i a^>- iil jJl Si ^ ytii cL^xii J y\=- 

l j\j£J> CJ\ ^ h jL«l« ^>L>tP-] J^" iju iijUil ^ *j y 15 '(jj- 5 ^ ^ *-W 

I jjb J tOJljliii jl J ^jl ,jy. i^~-jjl JjJj£ _J ^'LjAJ A>-L*7_J } Va«./i^i (w^ ^jijP C^ji- 

(jj- 5 ^ yl) t>y£\ U Jl jJuii sl-a^L; (1)1 JJ 5Jj _^l Oi^~Jl dlt J5" fl^l ^ 
sdjj ^i^- ^Ljs L*) . ji^»lj^>-Vi SjJL^j ^ *b I y>jjuj A! jJU <L^aI i^y ^»L*^<j 

L^J _l4 ^li^ i^l y <-Jjj£ ^ 2lt»l (Jj ^_ J tjLjS' JJ Lo^^Svj ^ 4jl) ^ (i^_JILl* 

JU^I o^U= ^1 ^l^-Vl ^L»*>U ^ jj^ii (JJLJl e LLA) ^ ^U5 (jj-JxJl ^you) 
l^ijl <:<dy>- ■ * j^JaJi L^S"L=>- aJ">W j^j.- L» , [5" w^^>y»-i§ll_jijv>-jjll (^Ji-l^v-^j 
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^ 5ju> c^jli' bjjl ^ S-Ji 2„>-LJl ^JjJ} JpIaJ ji — c— 3 ^ tilta ~ f <j— 
t- ^JUj <jl^» t Jbwbuxil 4>-^ i^s^ (^J ^) 1 ^^il ^ U-J y* <j * J 1 ^" 

AJ^^i^iil J^ls ^AiUjwL^i) oJO ^Jrl aL>^- j (L^U*) y dlii Jj 

<U-_aJJ ( ^|^5i J s^j LUb , aJ ^LlL ^j^tlj (_CJU-2Ij^ L^j ijLJ 4 *^Lai oApUj^J 7<n^ 

£W? jl ^LP — 4~*pU& cJliii 4j^U3l ^L,^ AJwLj AJli ^^ip (jlp ^ Ifjip a ;Ua>- J ^Lj 

?!<JI_iluJ V_} . . . V>UJl oli_ji->c^Ji .jvP J^j£ Loj»>IS"j ;LbJj>- (ajuj^) oA>-I _y aj^j 
JLjLJi ^ j.galb ZLoIjJ} iais viLlJ ^> aJp i_5jL«^» y& Up Jj^li i5i^> jiLiaJ ^ jlS" 

^j^^j _j c( 1856) j»b^ ^ j_Cjt^ AjUi>- £0 ( _jj^lS" y i ) Cjji? JLo 

Jy,>aa;ii _j iiU^^i 61 0 (Nuovo Cimento - Sjl_jjJLi cL*^J() 

Chemical) aJU-S^i S-jJV^ \ftf^u j ^JJi 3 — *i ; a c-U_i> ^Ji 
« ^ 4 5Ju/ oUi jiii ^dUi jjL-j j^bJi ^ u (Affinity 
jL^^dUi yl-jCMidielotti-^-yr-r*)^ Ji^i^i^^^iAi^w j 
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Utk»l ^ UaI V V^3 & jj- (, j ( 1 8 1 1 ) fU- ^ ( jjiiS" > I) j is**Vl 

^un^ui ^jlji jjL- j i^^vij ( 1 860)puii oil ^ 

( j j-slff jiO <j-« d^^T <-Jy^t — aL c U]1 S^yL* <Ut>-Li L-Aj'ui- o-sLL-^i 

^ j$j> oUaJ I ^ — L-<^»jVjij (Felicita - l^Ji) ^ jjj a — ^ 

.U^P \^j>r J* (1969) fl* 



Crosland. Maurice I'.. " Amcdeo Avoiiadro." in Dictionary ol Scientifu liio^ra- 
l>ti\ . ('harks ( iillispic. editor m-eliiel (New York: Charles Scrihner's Suns. N7U), 

Ihde. Aaron. The Development uf Modern Chemistry ( New York: Dover. 1 %4). 

Vlorsclli. Mario. Amcdeo A\t>^odr<>, ti Seit'ittifit liii>y,nij>h\ (I firiyham. Ylass.: 
Kluwer. 19K4) 
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. bJLiut&jj Moj (Physical Law)* Wikipedia - ^b>_u}t ) qJuj <-a->jju - 

Antony de Saint -Exupery* Flight to Arras 

Oi'jf -JU j j&i ^ tjw^i ^r- j j j i^*^ 1 ^jAii ^ 0 jj^-te bl ^^Ji • 

Jj^l^JjVi ;U AaJj-l jj jill «JL& j£) j . ..(J*-j j*) i»l Ji <v> CjJ*- j Ji OjSj 0? 
^ * j^ww JJUJl J jVl :^l*iVt *^ j . -Lrji C)t ba^ j^i Is) 015" U^JtjSJl dJiA ">l til 

Ben Hoskin. (God of the Gaps) t Letter to (New Scientist), March 24< 2007. 

^ Loschmidt) (2) (The Zeroth Theorem i Or The Null Hypothesis 



(p-^rj^) . j* jL*-^ ^ '-ijL- iL>- j j Aj^jo^ i^J (jis* sll^- — Arras {11 
[(Johann Joseph Loschmidt ( 182 1-1895) ^j—. >-> j^. 01*^] _>-«■ - Loschmidt (2) 
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jL_d.l yip ^ J-* p kc-jj J aJ ji j « j—^' ^ 

— jjLm ^jiub ^jLJjjI] l* ^Soj sJjUL* j^-*^ a) [ ^ (Dirac — ~^->) 

^ ail (iii >>) ^ JJ fc- j ^30 [Oliver Heavyside (1850-1925) 
^dii* L»i_j eU— J) ^^jlj [ (Olber — ^j^U^j] , 

LJL^J N Ojf>o Jj'V y L^J V j j£ fy*^\ sd* jl AjL'i-lSl 2LSJU-I ^pj JJJl <y 

JU-t (j^ij 1 ! ajLjJs-* y» j ">U iSy <ji <w-^» c«-U~Ji A>*jLtf> J5" cj^. ^Lp 
[Heinrich Olber (1758-1840) ^ji jUVi ^A^i ^uii c^AfT 

200 -j t^iji (Kepler 



(TheZeroth Theorem ) f New Scientist (Unsigned Article) 



.(jwjt ^it) .ejj- j 0 jji* j _jJU j (26.9) ti^ 1 — teo'-il ^« -^'_J jUs— ^ *3 ^ ^ jJJl JAA JjJL>o 

Paul Jiii^j ,_r;j^U jL jj! J_*] ^jJ5^>'» ^-5^' /uJi ^ iJb - Dirac Delta Function { 1) 
.i^L_l\ Jjl-j uii^. ^ ijjbx. (i-J) ^^Jit iiLji akL: Jic [(Adrien Maurice Dirac (1984-1902 

.j^r ^ - (Measure) j-tiS' ji (Distribution) jiijt ^y^-^ i* J~f^ J^tj U 1 ) SjjjuJi 
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BREWSTER'S LAW OF LIGHT POLARIZATIC 
:1815 ,1^50^1 0 

jlwo liar- JUUy Ui-r- ^joiftjJ) >-3LLJj ^ iUilSsMi Jjy <w.yV>ff- ..U «■ 4~t£ iJU 

£\j-> ^^j^ oj ;is j ^(SNELL'S LAW) J ~* d 3 — ;is 

(WILLI AMLAWRECEBRAGG)) 
:1815^QU*i 

, JUJ jJi ^JUjt.Sj^I _j <3 SiL**Jl 51*15" 4^Jjf Jjji c-lIpS — 

i ys^jS)^ 3j fc>:lt t _. ...t- t^jijiaj L^lp <■ 3^«>oTi Jljl^Js iJbj^i alls' s j JaJl 

(ii joj-js Ajylij ) v_^w- ^ ^(Quanta ^ ^ .^xii) u.> * ^JaJi ip^~j ~£>\]aS\ t - r ^« 

aUU <j^c <S ^Lk5 ^Ja^« jb^ — C <_c5) CjL»14VI S-sIXj ObJoJcJ (j^_^>cdl 
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^>rj. J>^%. J o-5 (1 ! (h^t4' - Dichroic y biii - 1 j^JJb ) 
^Uk^-V i^xJLiU s^u (Dichroism) oli ^1 J^.^ 

Ajjlj wUP j oJj>-I j 4_ib>- .LwLX*j! <6b j^St ( j 5"bt5l U — U <_Cji ^il j (s- j Jaii) 

^kJl ^ ~-£dl cjsLl Ja^ ^ ^Uii ^ckUj Ub? ^ii yJU ^Jl JiU ^ Aioit 

.oi jL-ii x.Uo u^>- (Brewster Angle) ^jy. ^j^. 







On - iirct 


»(:-;)■ 







.(^jU^ y^l ^CiU Ja^'_j J,l (_CJ>b> is^j v« ojjji 



L y^S'^ * J-^i sijii L^J : Vji ^ ^Ljjv^Jt jJLc ^ ji*J*lj jiA^ s-i^JJ -Dichroism ( 1 ') 
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j^5^ A;ip_j .(L- o^iJ n = 1) ti ^lie Jaii jL~£ji J-*^» j (n = 1.5) j— >-jJJ 

f^rjjA j jJ Jx5 jV) a-L_>-l j ^ \->h.tA aj J ^ jt^l oi j J— > V ciuLu 3^_*>- y> 

^Sj J ^ V| ^c* (^r j J 56) ^-»^J LijLu oj jiVlII e jJajl 



- - »^ i * 



tan 9n = n? 



( JLjjjjj o ^ili) jLttjc^b (1 .33) jL-^Jl ^J.»L*^> ^JiS- ^<j\J-\ A^L^-Jl ^L«-?- W.m 

^ ^-^itlii t ^Ja5l i_->Ua-iL>jt Sjji J j j^JUu <kAs- j 1 .3 3 = Ob ^Lp' J-s<a->>ai j 

.^>-j-> (53. 1 -5) *j Aj>ri?.^ ^^Lc- 

.(■yJsS\ ^IjtJj ^Lw«ji Ja^- ^ 



SilS* jl J yu jl L>W:.<jI ^jJl Ja....^ii bj>-i U-o»^j lils .4J SL^-Luait c^U jiil 
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^-^Liii^ ^yU j-^Jl ^--L^* - 0\jy> 4— S" y>- ^ iljU-xil ^ 0 ^Ulit C>U y yi}\ ^JT. J2 03 

Sjti«Vl <-J^ J^^" <^ *^ (y^ka^-Vi Sybil?) £-yj> ^ Lbl ^kl^t jUaUj ^jJkJt-i ^ 

4jwLi ^ybj <J_j^^ tjbjLf *i (^'^ 1 ^a-5l)f-^ *»^-^ ^J^" J ^L^^Li^^xfl 

c(Brightness)^^ 01*1 5jla j£i ^ylp a^Ji jyJ! u (Amplitude) 
oydJi juJi 0 t (Wave Length) <yr y 6y-^> / (Frequency) i5 

J.J a~^*JJ SjuiVl jli Jliil . U s ^jajl ^ y>-j cjUjI — S y&L* jS- 

lILIp L» v^jLii CjLJV j ( _j1 ^S" 2.1a Sr.. . j c Sjcil ^yb ^Li J-ivf ^tk-« ^1p ^» L^pi 

e ^jaii Jji>^ Ia^up ^^5^11 ^ujJi \sj>- LuU^« j y>o ^Jij (Polaroid — 

(Polaroid ^ — j v^ 1 ^-^* j-^ 5 y J? (* j-^^ 
>i dlJ i .( 1938) f L_f- ^ (Edwin He Land - ^ ^Ji o j:>0 y^i 

Jp ^Lil *^ail JaJL- L. lit j^lj 

A«-i — a— jAAI SjwL^UJ y^il (J^~' ^y^H <^t >cJ . 



LC.J — l^i ^glp jJ _J^>< LILYS' 1 jLj jU C I ^ ii I *jj 2LJ y £ *jju$}>\ t J-**>L* JJ l__ jjl y — 

[ , JbJLi t yjs£ LgJ ^jL— 5-^/1 jt-rJJ joZ+n «■ ^alS" ijj-* ( Q- ) 

t yh\ \ LftjUt^I^I aJ-|Uu I g »,T C ^ip I^jLs- <L»Wj 1-^^ Ji^^ ^ 

<uLs j^t« iL>-j Jjej <_^j ^jtSl ^ ^ J^ 7 *S\ ■ i^*-^ "-r^/ 0 ^ <J>"-^i tiw- fg 

<j j ^ ^Jail ^"Urblj Lsr J j^xJ (3M) y.] aS^i ^ jc^Lil ^UaJ^-l 
0-«wL>ti*»l 3wt>Jt>- ^4 el-4j c^>lJL>ti*jul ajxj ^"^^ -^V* y. '— ' ") ^ 

^gip Lpr ji ySoil (iJUj j l^j^*JUtft; ^1 VjI ^1 A^LU o^Ij^ tiJL5i j 3-»Ip ^jULJsJ 
.L^Jp L^i? j^>w ^.j'j A_^J^Aj-« jiaj l^Jp Sia5L-Jl j ^.,(gSi j d ( j ^P 

^ ^ j-uaii ^ j _} (Michael Weber - joj J^V) 1^ 



[0UJ2J1 o^jjc^. fi\ \j\ J,\ 4*Ja*Ji (Birefringence - jL-iJ^i aJUj) ^L-^] 

J-Jri J yJi o jUi^ (1 \Kaleidoscope - v ^-j^^ii) ^ j^^. • 
(Kalos - Beautiful - J—*4-i «— j jJ^i ^ oL ^ 1 ^ ^ j 

.(Scopos - Watcher - aaUJJ y jikJJ) j (Eidos - form - j 

[Charles Wheatstone (1802-1875) j JjU] jtl^Ji ^uJi ^ . 
.(j^}j>.) *L-*-J ^JJi j (Kaleidophone - J-^M ^i_*-JJ) 

y&l O^le^j 'jr^^J jr-^iS ^v> 4<> ^ t£l IftJUr. "> ^sl\ iJLi£-\ i jilt ^ 0\ • 

David Brewster* (Observations on the Absorption 

of Specific Rays, in Reference to the Undulantory Theory of Light). 

al>-b I j> jA (J ^lil ^U^jit t^ 1 * J v^ 5 ^t-^*** 3L*JUj LLJl 42*^3 t3^J ^ o r *-*-t ^> j1>-\3 ^ ^-j? 

jdi) . jb Ui" iib^ aL^ i ^feLiU JlSoii kUU- jS^.j 
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;L&S?t j ou$f» jM c/JLlt j ,^8— — "j jJi (1) (Presbyterianism 

Edyar W. Morsd (David Brewster)* in Dictionary of Scientific Biography. 
OUUA^'tft^ X>Sj& ( v .Viff» ..lU^^l^SJUlltfj&iJ&b JUaij) >"Jj* ^f^)? 01 • 

-Wjl^j 4-u-UsJl oUljJjt^ j OtjjJUl j VjJaJl »JlJty Ol*L^ 

Coz) r Baken Kaleidoscopes< Wonders of Wonder. 

David Brewster jy. ^jujb^-Vi Lr -«J^ ^—Jl&l j ^j^i ^ j 

<Lp!j^-Vj k_-kal*-il *^JaJU Ojb^aJl j aJjS\ ^,j\s^J J $L*\ ^JJ'l [1781-1868 



(Calvinism - j^^i&t) ^^wdi w-ii ^, — l^^ji ^J! iii ^ -Presbyter ianism ( I ) 
^ i^'%^y\ *5L^iu- j JLft _j (John Calvin - a £J-=it j *L>yySi iu Ji v-» 

iLi ^> ^vsJ'jj (^>L~J\ Aji-^) I' J— -Ji iJuuj j jlOi jJLf. iiilii^ (y^-j jj*-) iiaJL-j (^-^ «— ill 'Jj^' 

(568) V- 1 -*- ^ -(^ /^) -^i-^ w-i^U 
(^jii) .(Angel) ^^iJ-(^2uJ£» (2) 



— 429 — 




. ! jjyt^J (Jedberg - & y^) ojl. J . (1 '(Kaleidoscope) J\ jJi jUaJJ 

^>rj^ (1800)^ ^ ^ -Xi j o ^v-'^i 4x*l>- ^^Us^jJl f j t(/--J^) 

jiUi Ji *JL* j (James Hogg - ii ^r-^) j ^-•j ^ .s^^SLJi ;l~j>3i 
a^j^Jl ^ ( ^j^) v (J 1 *- 1 fja Jj* ^ (James Fraser - jyy ^r^) 

.^J^l i^li La jilt ^ oUaaJl ^ <-<^;lj *r Jli ^ lT** ^ 4 b B ? <J J^; tJl L> j 

3*lMl d^*)! 015" US' LaJtf \*4 j <Uil^tf v *w?OU*^dtS'.U) 
Ut? iu.....-0 c^>i Oai ^ i ! L^fb La J^iJl j J^. ^ y^tjk^JldiJbJjui 

.((... J Jf>l I jJ 1 j i^^autJl y I SJti JU- iOU- jV^A^> j |^jw> ^ j^i 

^ \S.[$p\ y\j IgJl^Lii (^JlL>s^o i-UijJ>Vlj ^-'Wl if-tu^j <USj (^L^jj^j) 

Edinburgh Magazine * JS" ^ iijti jl^ t ^.^3 j SjI^Oi ^ iiiJi 
s j>oi ap^] j [Scots Magazine 1802-1806) al^Jj [1802-1806 
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u _ ^bJi L*5" t [Edinburgh Encyclopedia (1 807- 1830) 

jJJi >l - [William Lawrence Bragg (1890-1971) ^j] 

(Juliet Mcpherson - t >— y> dUc~Jj>-)j— «(1810)^^ j^^j^^j 

Jane - ^ tj^r)^— • *JliH » ^Jj j^ r Js\^^>\ J\ ^—oIp^Jj li^ .L^j'Uj KS -&-$ 

Lb-ij aJii> ^Ui ^ ^5of ^1 j (Purnell 

yi> ^l^rjilS" - UU^S" sjjuji j>i ^it ^* j (Dielectric Reflectors - a— 

L» ((L> 4-*-^ vJj^i j^-^J L^ 5 *"^ t^y^^ <J-*^"^ i»U^>-^i LftJ^S-C ^jl j — 

^Uai^-Vt k j jj (Brewster Angle - h ^j) ^JUa^x, i» U 
j» (.ci I^aJI l« lii S.\_l>Jj ajj! j (Dielectric — sLlaiJi iJLj) S^Lo 

Oj->) l^ij ^ jJi-«il ^rla.M otji ^C,(L»jjP ^ «■ ^JaJl^") 5 ; lgS;.>^> A—j^^Li^j^S' 

^ip 5ii5LJl (iJaix^ll) ^^j—P ^JsLJt* ^ yf^l ftii l)5 IJL_ft j . . .( u r"^*jl ls- 5 - 5 ^ 

.^Ja*Jl ^ Liii ^.WaT,,i) ej^i-i (Transmitted) c-^' : J^Sfi 
.^^Ji ^s, w> k _Ja*i u J k i ^ (Reflected) ^r^*i • 3 

^^Vl (J SJL_j^L>- <J^>U»- ^ ^i?l) ^xii 4_jL>cjI J (jL^jjj f ) j-i^i 




S^'Clj^l ^lgl:ll ^ijUri ^-...U Ail > J^^- I hjl'Cril ^ j K.r?-^. .j, yjd 

jljjJl jUkll ^1 ^ _} a ^ il ^^-^ (1815)^^ ^-^\ 

Cozy - ^ j .(1816) f l_p ^ (1 ^Kaleidoscope - v jJiS^i ) 
: jl jjJl jUkii) : ^bS* ^Ji3y_j jJlJI jlk^. 0"~>=jJj v^>-) tj—^ (Baker 

^ J [Edwin Land (1909-1991 ) juV j ^^Sri y-^T 

j^j.jj ol^J L* LJLp j ^ jj^d^ 5 t(1850s)_/-^ £**liJl j ojLj^«^&J- 

( 1 81 8) r U [Dr. Peter M . Roget ( 1 779- 1 869) vrjj -f 1 h>] 

Ja&- j\ hjiJA ^ 01 «o |J )] (d~>-jj ^jj}*?) 4-6-*jL> <u^jl* ^ 
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l^VbfcjUsil^ ai^Jb- J5" JUs tod jjl ,iUr J^s^Ja^U^- ^ s^j^P SJaJi-j -k~-J JUjiJ 

<U2J>iiJ jl^l jO-Vl^i <^lj^ JS"J^<_cjJi ^S'l o^>-S/! viiL" ^ J y<sJ~\ l _ r ^>j 

jl JJL^juua* ^JUaJ^ iUJl oLu lI^w JiiJ .SJjlLJ! Jl ^*VI ( ( _ f LfVi — J^jy, 
J-Jj VI *iJ5 u-aS. fa . L^'tjj ^ Os-lj J-y Jj^-I ^ jy) o-^i 

. £- i (200000) vjLi L» _y>L* j jJl&l ^oLi ^ 1 J y j L-JlL ^. c~>lo 

:<*J -br _jj Jt Llk>- (18 18) fte- <j(f^ jy) 

tSJ~-a}\j Aj^JaJi J* (Marjorie Senechal - ^ j y^P) J-^ ^ ^ 
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<aJLw. a**is" ^.aJU*i^1 ^ U OL_p (jXJ\ j (Lenticular Steroscope 

. ->w s^bji ai jJi oi j3Vi ^ aJ^ 1 jM-i 




M .C.Escher - The Water Fall J^J! - . ^* . ^ 



^* »>- «u ^ <-* / ^OiJ ^» ,^J^J OUi - Maurits Cornells Escher < 1898-1 972) (1) 

(Impossible Architedurc) Js»»i~U (Inlin ity) s*^ Vtitf i^. j 5oi« y>tf.^j? *U»iJU 

.<^.jli) - iii^i ^iuJ >1 . (Tessellations) JJLJJj 
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(St 




□as 



M.CEscher - Reletivity -yj . ^ . ^ 




M.C. Escher - Convex and Concave j - W -c$* 
vW^luj (Queen Victoria -L^ji&)U;Ua^ c-^t jl*J .vJ^jbcUoi-^^ 
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.(1851) fLf-^ j^J! j^J> i*Ji*Jl Jt> j3l)\ djLs jJUs- gjjJlj JjJL^-I j^^r' JJ^ij 

£jU» _j vJ^Lj^^lJ! j^JLsJ £e_jjll}i ijl • t3^j^^ v^j! jU-i5l 4 _j^>- s f j~i J^' 

^^L^[AugusstinFresnel (1788- 1827) J^/Oi^j 1 ] 6y ^i«^L— ..aJi 

( JL» jj) <Jsl^s: ^ ij! cLj-i dJ-ta J,t ^JLoJti-sii^ j^il 2LJUj ^L*JaJ1 $ j^— ^ 
JaiJaji J^<V*^!y^ *-?-U5' Jj&Ljsl c( 1812)fb^Ju«jj Ubl o^_j *LJ^j L_$J 

.^Ll^-A'l jjJi jij^ ^ ^ L-«2>tJi y> SjLxp^ ^15" <*J 015" o>L.-J*Ji j^U>-^l 

JLJ y 1 g-clt>r..,li jlS'j I £<i^sj>- jt-^j ^-$->J_J <*-<L>tj 0>jli«i J (jL*^ 0>Lju,,lf- I «l 

O^S" ^xii <J^liL~il Jyf-i j£. C-^li Lb>r OwL-jjw <oliL-w» ^JLp t ^2^1 ^ 

. 2LCJJi5l o>ljLiJl 4l«jtX~Jj ( J^. y) CjL>.'J-P *k^i^j C^Al e yk}\ yJ, A*Lj j) 

j ^ j ^1 ^L^jjLs- J">L^- ^ jy. Ji olS" ^JiJl dij'^ Jj jiai! <_W-b j< g.i^l 

Jj JjJl ^ tdJ— 5 jj dX-^j ^5b iJ_«Jl o v: .t"j ^1 yCSV (^J (JLj^oj)) 

Jij ( J W JJ UU jH a> Vl j y<o-VI JO ^JL!i y - aisL^o j - 

(^•jli) ^L* wlia t^j_^Jlj s __^jJi j oljlX^VIj ol jL4Vb (jL^jj>) sL>- J_iJ 



Jlttl^ tUii^il aJIAJI i^j^o ^ jJui ^ SJLiji <mj& ^* jmS"..^ ij_>j <.(1831)fL_£- 

-^JLS^u yi) j (Taikeo Brah - \j->y*&) j (Galilo -j—LJl*) j (Newton -^h js») 
iJliajjJi .ljAjJI jj yiJ_*iJb _j toils' 1*5" i( Johanns Kepler 

.» jj^i **.«bL ijl**. ^^iji (1859) ^ip Jj .(Tlie Encyclogaedia Britanica) Sj^Ji 
(OyiJd) JUj cLJJl :^ ^1 j_*Jl) oly*j 1^ UbS" eJJl ^ (1854) ^ ^ lJ 

^bS'^rlAii .SUM Jslil 

4^1) i yry. *s*LJl WAlaU UAM j,lkJ **JU? £>l J^ff^A^ Ul Utf^JUll 

^ JJi k~J\ ^x_^Ji ^nflj dUJU UijaJi j ^i^yi o^s j a) (Psalmist - 

^-j^Ja^-vjJl jj—frk^^i v^^jJaJ^l^bjij JlJL^ r I^JLJ^I(1855)fL_fr l 3_*j 

[Daniel Dunglas Home ( 1833-1886) r ^> ,/>^ Jub] g;jLj*£Jyi 



OjH&^i j> Jju jL^S'i ^ Jb-bJ( jLfVi^-^s-u^lSO) jj. ^y^j ^ji j ,; - Psalms (1) 
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4J ^*wJ^ <sjl aJ ^ j aJ_jU* Uisli Uj-cjLo oWj L^-Us* ^ 015* Ui c(V«LJl 

^Jl5* 4j ^1 U, L*"^ j t<sJL-l>- ^ lp-*->-^~~J 015* ^1 ^ijliaJi C-j£ yiaJb L-2L>tj0 

l>1 J Jjj c<U^>JLs JU.il _j A^oij jJfc) ^jLy^i ^Lv? i yA 015* OJj>- L» 01j bias ^j^Ji ^■ /? <*Jli 

JLki ^jl>- 015* y»o U i0cl3l _j ^ y>) l^iSi^-f l5~^' ^-^^ 
.l^jU- U^J-iALio. ^0 — j A-^ii yb) 015* "V ^ Aijiyi iiXU 

> 

yj^i tcj Ji ^i>Lv^ oSj cJi <upL« 01 j ^r^a^j ^1 ilj^f (Pneumonia 

I(J^jij ^j*-jii5l tLL^s j OU^l/' 
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f>*+i> <~>\£ J> «JL^ s ^ Ji (Margaret M. Gordon - jj-S' 

,A*JjJt aJ^jJ 4*1 jjl ^ (2000) 

J 

Si ^Vl j^J (<-^l * 10) <-l;L_A> ^S(_£Jj>-| ^Lf- <d LC^SCj j_JLis>i 

.UUil Oii&iil-M^ a-UJI vtJLlJJ^ (1976)^^^1 

i^>iU<v.»yi it. >ij j i*«ij^ — 4_jLj>- Ji j — ij^-^-ij^ <u-»s ( ^ j ^ ) n ^ 

Lilj 4<JwLij Ojl Ji iL« ^s- _^-l Jai-Jail (w^^Ux .jjLJ j ojl^_^-i C->b>-j.5 ^^"j <* ^ yj 

jjb»cil ^Ij-i "-^J J ^ ) ( _J^ 1X ^ <-^l fl -/S \\ JL^J^V Ij-Jt! 0 y^-AJ ^juji 

Oyi y j-S-aJ j ^ j^i j jL-^J^i *J>13 j (Birefrengent Crystals ^ 

Baker, Cozy. Kaleidoscopes: Wonders of Wonder (Concord. Calif.: CcV. I 
Publishing, 1999), 

Brewster. David, The Kaleidoscope {Fdinburgh: Constable & Company. 1819: 
reprint edition. Holyoke. Massachusetts: Van Con Publishers, 1 987), 

Brewster. D;ivid. More Worlds Than One; The Creed of the Philost/plterand (he 
Hope of the Christian (New York: Robert farter Hi Brother';. 1K54). 

Land, Ldwin. "Some Aspects of (he Development o| Sheet Piilari/crx" Journal 
of die Optical Society of America, 41(12): 957-963. 1951 . 

Morse. Fdgar. W., "Da\id Brewster." in Dictionary of Scicntifu Htofiraphy, 
Churls (iillispie. edilor-in-cliiel (New York: diaries Seribucrs Sons. 197(1) 

Pcndcr^rust. Mark. Mirror Mirror: A History o f the Human Love A ffair with 
Reflection (Bask Books: New York. 2UU3). 

Seneclml. Mmjorie. "Reflections of Kaleidoscope."" in Symmetry 2000 (Pro- 
ceedings Irom a symposium held in Stockholm, September 2000). edited h\ I. 
Marginal :md T. C. I aureni (London: Portland Press. 2CMI2 ). 

Weber. Michael F.. Curl A. Slosei. Lairs R. Gilbert. Timothy J. Ne\ilt. and 
Andrew. I. Ouderkitk. "Giant Birelringcnl Optics in Multilayer Polymer Mirrors. 
Science, 2R7{5462): 2-451-2456, March M. 2000. 
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^ S^bu j\ aL'W JlS-fcl iiUaa^l bjil£«b 0 ' j /-^l ^ j«Jl) ;b>-l Ob JLi^ • 
. Lgj jJLil iu-jbli *<~^ J> yAa)5 S,::8o ( j P ~- r »l jjj ^1 ji j ..il .,V» Qj^r . ■' ((Sbi-I) ]?lx1 

CjIJj Ji 0 j& jl 1X3 01 (bjJlJ iJjAJj - — iUite oLy)^gl ) jlg 0l^t,T,;r,„..'i 01 (^i— Uj^oj 

^ jl J> jiJt ObLaJl j CJ Ijs-oH dUa ^Jl j . . .tf Vl ^ j*Jl C^-Jb J*fl3b 

SjUjj^i ,VT- .li^l^sg^ijCJli-^i jll jOyt j5JldJij ( jl*Sijli"l OljS^lj^! j*Jl 01 . LjoUijJ 
. . . Jisstij ^-Jai bf bJl o yf J^flJUOj^JJi jj^asJbr^l^ ji JioObJtf 

Gregory BenforcL in John Brokmen's (What we Believe but Cannot Prove). 

^Ua$ 5jUi SJL-d if ci jji? Ji L^j'b IgLJ jl) oL-^b Jl JU»- ail * 

lipu) j~JS) slJ Igj-Wtf^Jii tO^fl Ji-j l^>r jJ j^l— Jl o ^laJUb jjill J Aitf^l ^Ot-Jj 
otf u**)dUi ^b )\ ^ jL;Vi Otf 5 i co-uj^-i (The String Theory - j\sfi\ 

t (sbj;i) ^ 4i U Jf O j jbj£ oUi jJl j <jSb^-l ^ SJLsr ^ ^Lwaj^fl b^£» Ji t QVi .. « ^1 
j$J (<u»l y> JLpj)jJijlldAJiOfjJ>«W tf>i ^J* Cj Ja*~ oijh — f^«JjJ*- Jtilj J jJb- Jl 
. . .^wall ^ bjw. (0^1)J*j)b bU Jj bib U ^M$Jl ^ jibJl 

Michael Atiyah, (Pulling the Strings). Nature 

. (ulafrojt l.o^lj UtJLt jls Lt ) Qtj-uLi (Nature - j iti Tji) 2tL>v«;f_iiJ iJLL* 2_ 

The Superstring - i&biii jb j^i fc^kj) ab_«-J b> Ji ( jb it yk) o -s Ji j c~*-~ji Jil • 
The Membrane - i-J^i 4^) b^ js^i j bj^awi 1* j jj* c-^i=;i j (Theory 
- o5fi j> j - j> >oi« JJi i jsr j f J* <-ij^i j j j^i ol OVi oi j . (Tlieory 



— 440 — 



Sijfai u Jb- Jij JS»£ Si-**- cJu Ai i^i VI (The M. Theory - ^ - p 
js^Ji i^i'v j (Ptolemy's Theory of Epicycles - ^ >OkJ /i jti «j*ai / jjji) 

Martin Gardner in (Interview with Martin Gardner). 
Notices of American Mathematical Society. 2005 

.2005j»UI (ifSjj^Vl jjtuib^l 



Ul u-»Ji^J OL-J j^fttT < JJbwJ ^Ul) j (Ot-J»L jJi W L.U jjjJ - IflJ 

J*>u - ^JtoJi £att dUi (Alexander Koyre - y./ j ju — &i) otf o>&i j **-kU 

Richard S. WestfalL (Newton's Scientific Personality). Journal of the History of Ideas. 
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Paid Steinhardt (Einstein* An Edge Symposium). 
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THE DULONG ■ PETIT LAW OF SPECIFIC HEAT 

ANDRE (MARIE) cijL- -^jJJi j t (HUMPHRY DAVY) ci j-**-* 
LOUIS-JACQUES) J j .(JONSBERZELIUS^j^^pr j t AMPERE 

ALBERT) uj^l o^J! j cFRANCOIS (ARAGO.) j-SV 1 .(THENARD 
5 y 0 y lij (DEBYE'S T 3 LAW) iLJlUl SJ^J-t br ^ ^ o j-ilSj (EINSTEIN 
(DULONG - PETTIT'S FIVE-FOURTHS POWER LAW)^ j y ^ i»l £bjNI 

:1819 QIJLH jrf 
L^jaxJ Liu*! ^ (Florida jj j Ji ^laiio) a^Cj ^Ah s j^JJ o-bV yi c e-b i - 

SjfciaUii zj^ b'L~>t JjUJ 4^- y£,f JUT^I JJtP Jju oJL>edl jjl J.I ^cJL« Ji 

Liaj 0^-^-* **-*"* ^-r* (J^^ 1 -! _r*^ o<A>tJJ O'bV jJl OOJ^.- JJm .(^ 

y^: jLjIjc. ajjUo 5_^l- Jji5" (S.S. Savannah - ljulJi ) v^—U^ - 
c (Alexis Therese Petit - ) j (Pierre Louis Dulong - j> is J 
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I^oj^IJ (C) °J J-\ & 



C = 3*. 
M 



^ M ^jj (8.314472) gJj^.j ol jUJl c-jli y> (R) j 

jL^i LjjJl aji <oL>-j^ i ^ • *L^»,.Ji <S>j _^J^ t^->l_ji SLoLaji jaUs 

Quantum Mechenical) w*£Si cote-i jlJi j& ^ L *-* 

U5" c LaJ^p l^Jli ^ ^j-jM c_£ j-^-it ^ tJ^A t_^^J ^g-Jl j (Effects 
^\ jS\£\) l jJbZ JU^>-1 o AUbi <JU>Jj ^Ij a ybliiit C~**-5 .4_j^L^-V1 

dLii J . yii i^Jji^ «Ji (Quantum Effects - 2_> ^^Ji 

01 Ji ^U»i (1) (Tetrahedral ) ^1 Sju^i i^j ^Ji ^131 a^juJ 



0 ,5^ ti-jv j! ^lt^^^ju ijai^j ^1 i_; Jt5L_iS'i -:Tetrahedral - Lattice Atomic Stracture < 1 1 

.(p^r^O ~ • — -L^Jl \±b < y < 1 6 1 > j (160) 
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Sjjj Sjj t JT Ja-J j ^-*-i>- d^>r bjlj I J&^j> *>\>Jl- ^iiij iUxJlj ( ^ AjSjjL ^ 

,(j~^>-l S-§j>- ^ OwVj^aJI A-<Jixdi AxLxJiJ jj^-j' jS/i LgjLkSI y $ a!jL£ 
Sjl ^J-i vJ^i ji il^l jt iilj^L. ^ (2Lpy3l Sjl ^J-l) i^aiil ^ Jill ii^yi J_jJ 

L^jjl ^>tj L^J?Ui>-l J il^ii ocLiS' 2j>-j3 9J6 ^Jt Sjl ^J-U)^ j./? Si! jji^isjl j 

if 

olJL>j siL>Jj ii o| (Specific Heat - »j' y^Oj (Heat Capacity - 

4j glials yU ^*5vJi jijJU jj .3L^Uo» j OJLfi 2i^> j3 J.| (U-«^" ^—fr j' y 5 ^ 

<~j jCe l \~&\>- d> J.i Ua — 2L^Lll oAa t^CjUJl '•Sjlj s '~ dJL_*Lxjl *_jj_>-l d)i iji 

*-i ^ ^ t *i (j jAi' 0 j ^ (Gram - Atomic Copacity - a-fjJUi yJi 

(Jll) cojl ^ Jwl*^> jLa}\ jl ^y* u^** ^ ^ 



C = -^_ ( 3A-/yV A ) = 3A',V A /mole = 24.94 J /mole 
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:0f «a4 j^J-l SiJutL. ikUil aJU ^ j 
a) (Boltzmann's) ^jx! - J*. k 

.(mole)a^lj^jUOjjjCJ35UJi jlai.J^I^-3kTNAjjj^^^-N A j 

^jipj U j$>i <JLp jill Sjl ^j>ti5 Q^j — £yj>) 6 y Lai iiUJl SiJUll XiwaJl JUj^Lj 

raJliJi 

^Udl (Copper) 0.386 J/g °C x 63.6g/mole = 24.6 j/mole °C 
^U* ^ (Lead) 0.128 J/g °C x 207g/mole = 26.5 j/moie °C 
^^^(lSWf^y*^^^^^) ^(^ji^^^Df JL^tAii^ 

4il5vJ (2Lp ^Jl S (j£ _}L«J 2ULi>- <J^L;J| ^ ^ j Jl 4_»Jb^_IoJ UkP <_Jt_Jl»J 

Jl^ljc£ J^K^ij' J**» 6) -5 itjUU 2L-«m5 <3lk> ^ \*>\jCfAj l*i yij >>) jh-II 

It^f 4^^* ^j*-^ S- 5 ^ Cf 

.(6 calories / mole. K) 



<^ y^fl c^ja-JU s-Uit »>» >l >-i-il SiOJi L> ^ c^C : Boltzmanris Constaut (1) 
.(Entropy) ...s^V^u^j^^j jj^ifjfljj^ JU.(R)^ji^ ^JL^J-^^^jU^jCBulkLevd) 









I/K 




lO^'x 1.380654(24) 


eV/K 




10-*x&617343(15) 


erg/K 




10->»x 1.380654(24) 
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AjjI aJAaJ) jLL_IC v 4j jlL» U^Utfj (a*^l» j>25) A-pL^Vl Ad J*Jl 0 j\ j>- j> 
o j)JLL» L» w»jL_aj asjU a*A £-JLa* aJUJI Sji _ r J-l ji ^ o») jJUJl o»1 JLJ 

.(6 calories / mole. K) 



AijUllAijiy-lAsJLli 




5.82 Calories / mole K 




5.85 Calories / mole K 




6.11 Calories / mole K 




6.32 Calories / mole K 





\ u y\s (The Five- Fourths Power Law) '*~~JA ^bjVl is 

aJj! j^m-jt ijlJJti jiJJLa hJ ^Ip . ♦ . j^*^ (3j (t/»t — ^Ji*) c)_jilij LaJjO 

-k^Jj Sjl Aflr £ Jl> A*~*iM ay Aj JajpJj ^Ljl i cl j^Jl J\ 

:aJU51 Ajj^L ^J) Aijwuailj 0 jiliii Ul» ^ Ailkil <6j\j>- A>-jJ> ^ Juliail 



H L = (T-Ts) 



5/4 



. 2iBail aL^ S^l ^ A>-^^ — Ts j .SiHail ^^AS p**J?\ o J j>- — T J 



jLfli (^Xj) Uf j 4A«tf> Ai Lai j A*Jb ^LvsjL 4 Aj jA <^ jL^-S" jL*«jijl ^l!Uf ^5-^- iw-^> 6^ I— « 
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ua* ^ C s^J ^r'jjj. ^ 4^Jj . . .(Petit - j*) <r j j-> ~~ 

IjiU .Uj^ lij ■7^"' f ./^ J <_CJ~~or Jl^J UJju ^ 

jj (Dlllong - jj-5_£p) «liJU*» t*-j>]s» Jj ^J^lJl jt fljb^ £- ^^r-^ 1 <jr-^ 

JjJU-oj 45 Jo jj^Uij ijjL^?^ <J1 Sbbt* 4JLP I jL&J-tj 4j JlPU^i (AiagO ~~ 

Jaime Wisniak. (Alexis - Therese Petit )< Education Quimica 

iL^LS 5>L.' ia~*Jj lj\ j>- terjS ^Js- JbL^aJi ^ M-!^) -^bo^P-l '^-y ~bl$ — 

Ji* «-3bxjf1 ^ I-??- li ;^lbJl ^ o^jL_> SiiaJL* ^ bi>U- jl ^^p) 5 «-3->Utf> ^—5 j 

. Jb j^Ip U^i iili l*^J 

Alan Holden< The Nature of Solids. 

Pierre Louis Dulongy^og: jijJ] j ^ — J yill ^'bj^lj^L^I^UJi jJj 
^ JJi ^ >J! ^'b j^l _j ^U-^i jiuii j ^ ^i^t g?0Ji j [1785-1838 
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OyUil [Alexis Thevese Petit ( 1 79 1 - 1 820) ^ ^ S , — ^ V 

Oi j^- ^gxli s^tjjlxJl ^-jij ^ j . Lj j» ^» ^.yiJl (^U-iJl s j_^>-l ^ 2L_*S1 j}\ (Rouen 
(1431)^^ ys^JL L^.LgJl jlju (Joanof Arc- 61 v>-) v-^ y^l ahiJl l^J cJy*-? 

( 1 80 1 ) f I* ^ ^rijk ^j^ii ^ i ^1 A^f- Jl <^Ip j 

^tJljy jlysj j ^r^J '_ ^d^j <j J>t -^ <d?LiJ j ^X^sLp ijwii LaJL^j 

tar.^i aJU- iL*\£ p">Ui J^jJi ^ {I ^ ^ iiy J! / r*^ 1 j-* 

(_5^ Jt? '— J ^ J . j^^v 1 * (j- 0 j ^—isL^- j jj> L^j (_Ji>- L« ^ ^>-§-* "^j^ 
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jbj^siJU j* ouaiii c^r^pi (NH 4 Cl)f^Sn ^ys" (Cl 2 ) 

^^Usij A^^^i^JL^ijb^i jJ^ijJJi ^Sfi ji (NCI )<ji-9rj/Ji 

tjiiSl J>\ yi&Xi yt. ^ Jl *Ji ^c^*3 t a^ J-l*Ji j I J^r (NCl^) J^r j >Jl 

yLvesl (J^^" • • J *i^J?*^ AjLL^j Cjl^-ij'yi JoJi-i Cjlj 

[Hemphry Davy 1 778-1 829) ^ ^yU* ] ^1 JL-^U ^- 

^ aj jUr SJLftjli o j>?j£S Silll v^iij ^ v'jL^ j JU>-1 y* ( jJjj^) aj ^li L_c, 

V L* jw2?xJj Ll>- jlS" t Jl^J&j A~*jL; (o^TJ/-^' -^ij *^ AJ^>iil!l * "wjL-**^! 

Ijb^iiJ) Oy>ajl I* Ol^jv ALjJaJl A-<^Jl tiJQj y>^j <.^y> ^ di-UJ j>- y A*>- ^ ^-iji 

cJ^--li a , : ;iL» *L4 L^oJajj oLfiL^Vt ^jS* ^ j Udi ^ L^r^i b'Ji^j A**Si V ^ g< 
( JL*..til i-iLiU^Vl liJ-IS ( ^g— ip yloJS . IgT.i ^ C-ij^j A^^f- (_JwL^-t A3Jj>- ^Jaiii ^-ivij j—j 

Andre - Marie ^1 <s jL* ~ c-^aii ^'y^' y^j^ Jl ^ y ^-^-1 j 

iL^.Ur [Ampere (1775-1836 
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l^iLixj a a->lil i^JlLj ^jLI«j ^ ^Jbj jj- I ja^-Lj Ij»<JLsCj <jl *j 

jiUi! y> Igi ( . . . AijJu * ^It ob^o L. JS" U) t y L-i-i j jl jv^Vlj ^ ajjl! 

[Michael Faraday 1791- 1867 ^bi > J~V] ■•Sj&y Jk^ 3 

L^I^t ^ I— jJ- L. j j ^ U$j U>l ULi^li ( 1 8 1 3 ) fLt *Ur ^5-^ 

^ W "tf j .5all» JLL" ^ jw-T? OUT ^ j^y-i ^ jlf *l ^ L^s jLil)) 

SLfr jll OJlil^ijJb^-J>J^U=Ii 3;jla^ Qjtljj ^-jfe >UP .4»-jl»- 4,,-.. l jU 

(1820)^ a '^Ji^' ^/ ibil^Vl ^5" LgJL« iJLs- ^ o^lf- ( ^_jj3)^L«Ji 

J_^ii UsiJl ^ ail) ^ LLJl L^UIjali ta^p jJ- JaJi a*i j c^-jjIj ^ ( 1 830) iAiJj 
oa*- ^> U^jUoi ^jip ^—ci^i (^j) oil j lij <.( 1820> 3_>Ut5j (1815) 




.(1829)^^^ (SjiyLi 
US' o ^ Li!l 

J ^ «±jL>oI j ^ — (ji jJLP C-^ (1819) fLp Ij U^s j j ^br JlS j 

i^^L L* (Sjl yJ-l ^iij (^^s^iJ ^j6\ Js>\_5_Ji 
^jJDi JjjJl j Jup jjj 3ji y-t ^-yhlb ^) jLU*=U 3^1^ iOa-Ji jll JJ)) 

^JLk L-8 Ol» £\ j i ^ c OlX ...7< OS (jr* <—* j-^l J 

SilS" Jja-S j ilJUalf I ^ h'Lfi ijy^ [ ySj\jb\ y£j 

1$-Ap LJLyao- ^1 j>SbJlj OUL^I ji , S- J j*^ c Wj • V^j^^s ! Al 

Ol j i j! : l^p * 0 jilalt I j i»L^> I Ujsy U b^OP j£*J 'fl 

(Ol jJLill j -OLS' ^lU-U - 3 ^-1 j^laJl dAU* ak~Jt ^L^\ 

wLaaS" ^ 4_J LiL>- ^■S' \ o-Lp- J^^*^ 4 j J ( y> y?) y ) 

^JaJ V| ^jJl V ,^-1*5 ( 1 820) ^Lp J (dJLp Jj-Ji UUil 4_^uU) 
( 1 829 ) f 1* J j f >13 ^15^1 j\y±*{j> y _s) ^Uoi ^ 1 82 3 f ^ 

cjjU ij^'li J.I ^>-Lill i^udLj C-jw2j>- jl 1 L« li! lj\ y^~\ ^y* Xj r o£}\ J—HslJ j 
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;IajL£| ^ ^ (_>-^ * Jft jJu*aii 

.4jjL«^jl ^*}lpliJl J y~ 4i>^i — 1811 • 

J^jyS\ jS (J y>- *oj\£ iS * ^Vj^ jij^^ C^LiLs<a — 1815 • 

2j>-ji ^ O JJl iC-lP ^jLaii oilib 4_<L.^> j> J.! J— » _^JJ (N 2 0 3 ) O^r Jj^ $ 

, l yJ^ f ^>\ Jcs- o yUl jr *j>- y ^l jUtiL;^ 20 — ) 

«l_jI>oI ^ JJ - 1820 • 

j tJJi ^UliS-j ^ij—^. LJLbdJ [Jones Berzelius (1779-1848) 
Ix>uis-Jacaues(1777-1857)jL^iSbr-^y ] ^ yS\ j\~*SS\ ^\ ^ 
^ IjsA^a iiJb^ii , r-*>\ y>- (Thenard 

.t y Ja.il jL->J1j L^5*> i i-Pj OjljUjl s^LL^al jy» jv^l — 1826 • 
3ULy:sU-l vJ^I ^jiJcJi 3L«lj^ jJJi^ CjijL*3l ^Jiil>ti 2Lpyjl 3^1 ^J-! 5jLv# jCj>-\ — 1829 • 

Francois Arago - £\J ^ ^ * ^jjj^- 1 830 • 

j\jS 4j>jv£j aJuJi lj\ jk\ c^U-ji jJ?G c^>- ijuill till jl^j aJjI^ J j_>- [1786 _ 1853 
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c/>UUJi Jj-sr i^ 1 y^ 1 jHL-^j o^Lc^j jLdJ - 1838 • 

^ Jj-i Jl$ UJ-lp 4^**jU JLJLa^ii <J1 ^1 Jt)U- jUa>-l ^ dJjlS" U 

(NCI 3 ) uor j/^i ^ij^ vi-5U* ^ ^ ^ *LU; ^J^l ^ jji ^Cji jb^iJVi ilSi *l >>r 

. iaJli AjjI ^p>- o>l^-ji (J,! y>^S.\ till jL><j 1p j 0->LL*s J jp- Lb^ 0 3JL ^Js 
>t c SJai- jy U j^Vl Ujb^ 1 JU^-1 L$Li-b ^LxpVI c£ *^ 

ya^a S<~o~jl\ 

^ ) ^ ^ [ (Alexis Therese Petit ( 1 79 1 - 1 820 ^ cr i3i ] .l! 3 
:5^JS3i ^\iy» r yu>^> ois'j c3_^j j£\ (Vesoul 
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(Ol jiflJl j*) 5Ja- Jl s\ jit OljJtf 0? 1 Jl£ ^ t5 Ail j L^~*^l ^Li- (J JJl j jilail ^pis j ^ 

^.^LJ ^ iijU US' cil_j.il JU.AjdJ hj\ J-\ SLJLliil Jb^ Jb£ ^ JL-JjJI ^\S\L_Jil 
kiiiiS' J^P US' .LfS^b*- t- ^Jail jL^JxJb jIaX; UJ <_C j*-^ J^ 1 J^. ^"°~6 J " 

,JL^Ljl5>Lo oj^Lii 4JL*l^3l iSUaJl J XJlJ* ^yjff y ^gip 
4i^jii L» ji ^1 c<u^p jb ^ L« j j£- Ujj LfcLaa ^Jl <uJ ^ jJJl]1 ^1 j*j ^ 

^II 4i>- ^^1^(181 Df^p ^ (o'j ^5*oil)ojb>-j ^jIp J w2^l ^ 4_j^J 

ji) j jjLail ->b_ >sjl L^jJ (j^^r-^ 9 5 c(*-Jj**i^l A^ljU J j^>- ^isbj 

cLil j j^p j _j*-y* Jli*5* SjyuiJl c->L_pl jiil ^ ( Ls ) j^Jl iiy^ 4~^L>- cJj-^-j ^1 (o>-^ 

- hy^>\ ^oU^b) 3U~Al j Lbr 2LLJaJl Vr'^r> ,! ^i^ 1 Jl oisbU cr XP 

y t ats j ^>-j ^hyty? ^j&i v'bjjiii oy^Uai) dUii jb uip t ( Capillary Tubes 
£-%>Vl j jLaji *J ^yJj ^ ^W 11 V jj ^j^i ^ SLJ-I 

^ C! ~oJiS\ yil JljjVl -brjJ cL->- L$JIp) Jl i*Ji*Jl jb^i'Vl L^sLLC ^1 

.- <_S £3\ LU "o\J-\ J^l j c jj ^SLJl ^-Lol J^l - ^^jLi^jjKJl Jc^l cjl_»k>- f lc) 
sililj^jjLj (j:l Ji—i U^|_«lstJl o ybUi :(5_> ytAil i^Ul-l) j\ (^c _^_**iJl) Jjtiilj ^j— 

0t ^>oL_>- J iL>U <_$Jlil till ^- JL_ i Jj C-JL*..! _cJ t jliil 4 _ s -bo .L_^o 

.dJa^ j ^ <UP (^jbJ-i £-<AJL5l jLbr ^» S—Saij) «3l ^isSfi wUP >LU UjU y> j j-^i— 
^jy ilil ^ 1 g 1*3 ^| «jU /jOU^jj i jf3j\juj jihjoj * Sjl*iJ-b 3j yt»iJl TI) 

bji*» ^L^u j (Adhesion Force) libuaJVi s y Uj*. jb jiii jbU ciL'LJl j ^LaJi 
^i o yi\ j (Cohesion Force) ^ i^Ni 5 ji^ tAJbi ^ii.^ _j JjbJi ^Lejj>- 




H=H'cos 2 (aV2) 



StkiU Jcs- a] tj^J-\ j!Jl>-j JJLJl £tk~- jy. ^LslaJl kjljil jiJuL* L* ( U))Ji£ 

8 y i J j ^* / f V 1 ^'jj 015* JJi c4j .A**J ^ j ( 1 8 1 4) ftp J> ) £ JJ-J 

^ lp ^><dl \^l>-i L»lil^ (j^*- y& ^y? J^-\ <JJ^5 Lgj'Jljt* C~»b^ ciaJLs ^rg-^ t ^ J H 

^ Lgj (3>Ji LaJju 2uj— Jl SLJ-I ^^Ip ^1 1 L* Ui a—S'jU (1817) 

.0 y*P ^jA C^>\^Jj^J^\ f-'Wj 

t( 18 15) ftp ^ c j^j ^j^^ i>* -^ Ajt " ^ <^ ^! ^ (*— *j 

d jUij [Francois Arago ( 1 786-1853) jSI ji 1 ^ j\ j^xJi ^ yS\ Jk^j ^yj^ 

jvJu ^U- sjlj^-l ^>-j> c^l ^-vjIj oLijj i j~as-i3 ^JLf- Ixj "}t»Pj (.A— -»Aid) <U jpo <• 

«iL« I ^ jju yja^i djbuji L^J C^J (_5*^'j (1816) ^i-fr ^ il^5 lA^vUj rf^JLf- Jji 

, L^liXi j^*^ ^"5^" 4 y'y^ jl-^it ^JLp- L»jj(j j 
(Machine Hieory - i^lil aj^) v^^ 1 o-^^a' ^ ^ l^ii fc~Ji J j 

tl a^51 ^ ^! ^i! Jj^J ^ ^ — Svj-tiT ^1 ^>u! ^iil L-j^ i(Sjl^_J-l 
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^gX)) cl)lx>-lJl ^JT J-^>- -15 j c2-L«aJi jli j JJ1 ^Ji ^a*j <_Jl^2j ^zJi Jul y&\ 

aJLLji ^ vjuiilj (j-^'j c-bj^iii 4j _«X~Jl 4~_J yiil oj-JbU ^glf- (1818) ^ ^ ( 5 *p _J 
iJjb cLiaji U^L- J^J( (=r -J ydiiy 3000)^ JU ( AjL« ( a-. U^JfCS 

j^^jJi L*^j ^Jl5 s_l! (1819) ^ I*-* 1*^1** ^i; iJj^JiJj yii ^i-** ~k*_9 

. j^lifcjj "tjP^lSl 4 jl j^A , ^ j i 

aJLLI ^*>'c>o»Ji jLx>-l J-*-*- c-^- -tip (^) yi^l jl^oi ^ tljl-^xjj i_Jii jij ^ 

t^sS <■ 'L^-^-^j-* j^xil 2 J-«-*Jl aJ^L*^ ^j^J^cs <_^x>- ^ijil otl aS"j 

ks-j* L J^j ;A^LiJ o <p J"** 8 *' ^jlc- J j-^aJ-l ^ yti L» *i«.La ^ LjX>cJi i, j>-I ^Ji ->jjlJl 

L gX>- 1vVj-Li L_j*-aPj U,...-fij \J>\ j9 4_J C^-S" ^ <* X>-j J ali Lb-Li 1^_jIj ^jIj J aJ 

OjJjiJl Jj-LzJl (JLAjYIj j ^Jt^xJ^^y-J S jaX^j ULo-Ij 4* r? ST* <J^-'VL^- <blzx7 iJ^jUir 

> 

4Pyw) 4jL>- 3j>oL»£S vl-o 

Sj i5l 

— 4xAx5l JbjL*Jl iJLuJl) J ^_>. 4J jl^i ojb4lj ^ ^--^ L> .Oj-^s- 

.(Law of Constant Molar Heat Capcities 

amjJl^ A) j>d~» tSXJs\ jliCil y> j (I'Est - 'VI) ojvJL* <S ^Ui>- ^ j 

^j^SlUii jLs^V A^lftii A^*^-! aJs- oJ^Ui? (j:Jiil t(^->i ju> y\S 5) ^WS; ^xxiJS ^Ia y 

.(1976) f u joJUi 

jL?-^ v ?7 ^Xoul (_>-*Jl 5jdsl t>J\ <SLj\s^j2 J& La\J IjLfrit jUj^JJ l^J lij j ^ Jj—J 




}j>:5j ^ *M (Quantum Effects) z~*~<£5\ oijjJtJl 

jy- £k% ] :^ ^\ o^sjj) ^jJy (Donald W. Rogers - 

Einstein's (Other) Theory: The Plank - Bose - iiji J-\ U»iiU - 

[- Einstein Theory of Heat Capacity 
Albert Einstein 0^1 ] ai—di ^jLJi c_^I ju3)) 

^.uj^^j^u^-jJji^o^ ji^iijaAj [((1879-1955 

ol Jb jJl p ^ oL-oIji c~tf US' t lg ;nfi-t- ^ U«i UiTj dUi ^ plsll AJL-ii 

2UU3I At jll fcl^J j (T)tf;l >i ^i-laJl J*»T^dU*^>l j£c ttfJtfl (Cv jJull 

JS" a jfj (j-— i jJl 2Lp jjl Sjl ^J-l l) y a JjJ_>- Si-Lv 5 ^JLp jjtzJtJji ^i-*^ 

(Jfj _jL LJLJj iMjjl AlaJ yij il_*jVl (jUaj 4_} 4_Jiil yjl 

[Peter Debye (1 884- 1966) ^ ^. ] jJ^i jitf ^ r S r i j 

^s^i ialS' ( j^_> LL_>- JLJU- 5JJj J-^:" ^'ij j O _^ > LaJJ a2J>j6\ JLi^^aJl (^'J ^ * 

j yLiii -^>-l Cj^-J LE^ V^'j ^' ^-O^ 
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2I-:r ' 57;; 



0 il J>~ As>- 



:<j _jLJ j (Debye - ^) 



T u = hV L /k 



J&jil Phonon (2) - j^yii ii-LAi <u ^- — ll JL^Sn jlJ-I V D 

AS-jji i_->jLi) 5 P^-J $\y\\ (Jl)^*" J^^-> ^ <*lj\jJUw\Jt « lp j)J ^U-a«3 i^->i ! jj^jjjt 1 «1 

^JLJ ajj yL> ijL^s o^L« ( J5^5 S^jji- 2^'l>- 6 J 1 j—>- &>rj5 $ j ^^jJ t y t^- 5 ^ 

L»l c4j>-j.> A-jji ^ o^— st^- (5.67) £-5^1 C-J^S jl JL_lll ijjJJl L$j j\ y>~ te>rjZ \ 
oJLoxilj iLjjaii 2lJ.3l*il 



ulkii Zjiji~\ £— « ^yo^-i Js- JillaJl ^J*i. Ja;^ ^Ijjj >U (Boltz mann Constant) (1) 

. ^rU* <^ j_»M l o^Sl*! ^ j s-Lafi^i ^ (^-Ui w.juJu!i yQJ ^ (5^^) y - Phonon (2) 

J_^» ^1 l^JLu <j^>- ^ l^ju^. AiV (Solid State Physics - 5J-^ ^jj) 5-t>> -l* a-l-^i" 

^ ji\ .(^^0 4^ ^ J>}\ (non 
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1^ j>> y^cC o^l* i^V \^ y& "aj\ J~\ <- — dJLJij (T Debye's Law - 



Crosland. Maurice P.. "Pierre Duloiiii." m Dictionary ttf Scientific Biography. 
Charles Gillispic. editor-in-chief (New York: Charles Scribncr's Sons. N70). 

Curry. Kojicr: "f ulminating Oils Sweat ol ihe Devil Niirogcn Trichloride 
and Nitroglycerine." in Lute ml St ience: set kiteralscicnce, co.uk/oil/. 

laradas . Michael, personal letter lo [Jcnujmin Ahhotl. April S. I ( SI\ 

f-ox. Robert, "Alexis Petit," m Diittumirv ol Scientific Hitj^rttffhv. Charles 
Ciillispie. editor-in-chief (New York: Charles Scribncr's Sons. 1 1 >7()J. 

Nave. Carl R.. "HyperPhysies: Law nf Dulonii and Pelil.*' Department 
of Physics and Astronomy. Georgia Slate liiivcrsilv. see hypci physics. phy- 
asir.ysu.edu/l IHASh'/hrramchtinl. 

Ropers. Donald \V.. Einstein s "Other" Iheiitv: The Phuuk-linsc- Einstein Hie- 
ory of Hail Capacity (Princeton, N.J.: Princeton University Press. 2tH)5). 

Wisniak. Jaime. " Alcvis-Therese Petit." E<lttcacion Qnintica. \M\)'- 55-60. 

— A— Jljjlll) j-IAiu ij-^- 0* J JujV iiL-A&y-j Ol—Js jw L» • 

&&■ j-o^-l aJLT oi*Ua-. «j Li <£ $ ^ j— U.u o £ ((Metaphysical 

jll^l ^JU^ll ijrje LlS'^Jl^ JS' JU^j .Lyajl Ul jU jwao Jki Usr Jlj-j »JL» j 

.aJLmP iJiS ii j** oJl&It J jl£ a y ^bw ^JS 
Robert Todd Carroll* (Intelligent Design)* The Skeptic's Dictionary. 
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Li* 

.^j JJt 0 jAtll JlkJl ^j^JU* J^£ OLSU* 1*1 '0 fl\ ^ 

John Bosloughi (Sephen Hawking's Universe) 

j»jUJl ^ Jt£-l J-Jai_j «J/ju 01 U JbV t^JLJl jLf^lj j&dl J*-lj* j-* L< Uai ^ • 

jrt" fa *i_tl 

Albert Einstein* (On Science). 

Richard Feynman* The Character of Physical Law. 
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Brian Greene< (Einstein. An Edge Symposium). WWW.edge.org 

,t-\ £ji Li-a OiS' ijjtjtj f«-^ OLlT J*»tT 

Paul DavieSi (Laying Down the Laws) t New Scientist. 
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THE BIOT ■ SAVART LAW OF MAGNETIC FORCE 

:1820,Lj^ ft ^ 

. Ifis-V^jsi J^^O yiaJl t-^tS j^^j^'^Jl jsr^te-jj ..ut-iLoUHiiit — Wgyt^L-S* 

AMPERE'S CIRCUTAL) U*/ ^ j ;l^U^^£jU ^1 o^_JU 

BIOTS) yJ^I ^U^Ai j^b jj-JUj cLAW OF ELECTROMAGNETISM 

BIOT'S LAW) L?yJ\^ (jliiVl j) o wili j t(ABSORPTION LAW 

^, JJb j (HANS QRSTED) jlj^I j_Jl^ ;(OF ROTARY DISPERSION 

.(JOSEPH GAY- LUSSAC) ^Lj -^tf <J» J3 * 5 1 (DANIEL BERNOULLI) 

:1820 fill 010*1 

pJiJ y^2^>. ^Sfi (MiSSOliri^jjJ^)^'^ pJ*Lu iJliJl <L~~ 

ur ^owti) ^ (Joseph Smith Jr. ) v^— ^Jl_ij or ^-j^i - 

b rj £\) ,_ *1* f LiJ ^uSfi c — iis' t _ r jJij (Latter Day Saint -^Sfi r> Ji 
1( v>LJi <dp ^J.i jj ^ <_gWi ^>Vi^ ^v»-i e-Ui ^"jL.j a '(Mormonism 



^iijj^t y)^ I ^ l ^^jLi^i5 ;j u^i^i^^^aJi^L^ ( y»jsiv_ — - Mormonism ( 1) (I) 
jis- — 55* ^Lwji JW^- ^ (^"^ *<i~— i-i; ) l~^U L^U-y! j^j-Ji ^L^-#Jl (Brighani Young - 
- ;J1 i^Jy, (Hie Lalter Day Saint - j-j-Vi a— -jL-i ^u; ^. L-^-Ju; .( 1840s ) 
as' ^ ^ . i.J5ii* ^^j! ^ _jj — J) «l> j Jj iyuil > ^juty ^ ijjJ' j-l 904 ^ ^ f ^ <^-LJt 
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oL.V jti Jijjuiii ^.y^iij 4iiii5i 3jV JlS" (Maine - JS) cJUot - 



U„/dsxr 

</B = — . 

4 th r 



sJla Lj y . ,jy*-» sbf! L^Ji \ils<a.j IajIjJL* L*3jL>tj ^^xJl A-^JiJi SL^^di <L»Ji}lj . (S_£>tju 

L.I cdiS^'^^l ~^>e^_j cjLxil a-^>w« J ^-kJ aJ^uJI iSiiil ^ ( ds ) jl— a 
ULji ^ Aj -kw*^ ^ji-l y JJL- Js-laj dAJL-J) J- 5 ""'- 5 y jl^l* ^ ( f ) 5^>tiil 
il>-\y i J'b J ^Ji\ j[J>\ iJ&iS}^ dJLLJl lAsi U^J y jlfx^j^ UJb ^dJ ( r > jLJ 

JjbU icnJ iUjX-i L*~k Ll* ^j^ij .LLU' a.5wb»Jj LajM As- (_}lj ^iXL-Jl ^>-l-* jl^l 

ajjlixj VI c^tf ^y^-oj (4n x 10" 7 T.m/A) ^ jUa ( Mo) a^j U :(Tesla 
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Ja-jJJ £J yi3i l^Ui ^ Aki3 aj! ^ (B ) JL_J^Al ^^-JisLiil JaJ-i jLbii 3JlfJl l*J&\ LJ\ 

.Lo^JLo 5jL_^LaJ\ ijji^Ji ^5*^(6 H^'^ >— -s^) 

Li y 15 ^-J 4Jl JjUJI ,j— * <_cJJi ^"Vl iA* J _p- foUil a*j J— >-Jiil 

^jOJo. ^y y^ ij^J '((•-^J^ — 4 O_oli ^1 ^y "teUixJjl ^j^v ^_5^ ^ 

.j^yil jyL&i ApJjiil 5-ck^5J1 jluAi» ^j-* 'ft <U*J> ^__2JL>- Uift^J i-t-^-i ilsL^Jl ^ 

SJl S yLiil <Ji L*jjU?- dJL^Lc) L^J 'B L £~~ i 3f o^^' v ,, *»> _j j 

(I) jlll ^L^^Jl jLJl jLlL* 0_^j L«A^ ;aJ jis ^ (jr*^ ^ r ^ Ji dJl-JL* 



2jt/- 




ajsAzL* (j? jJi (Right Hand Rule - ^ 0 y li y SjpIS) Jllu>- L^l4 ! ^ 

. (<0 ^ ^^-JsLill Ji*-I h Ja*- ilfl diJ iJU»w' *'.hU dl*>M 01 j j J *(f 1 Ol» tdli-j ^ 
(jIjL- _j ^L^"}^ Ja-Jkl r^^l ^li^J^x^V^ :4JtsJl4JU-1 

jLJ isJ^l?- yr_ ^iXL*.' IgJ^SCi (R) La Js£ o J\s £ y ^^-JsLilJ J-*-^-' vL~J- 

l^Jj U5"_j .(I) <_s^^ 



2R 



5iiS3 ^fiu.Ui ^Jiii ^3-*^) aJ\jj^&\ ^Lilib l! j jLdLJ 4_JLii-i j (Solenoid) 

.(Vb ^ 
La j^Ua» Ob p-^pLiil <v> (_jjLj ^jIj — OPr) 

/ 21 ( Vesuvius - 



ijji^i 4^. (Mica Group - suu) j j5J_Ji o-ii"^^-* p ^Li, ^ ij—t- - Biotite (I) 
K(Mg t Fe)3AISi,O irj (F t OH)2] 3JU-xit .^^^^^^^{a^^ vij^ J(SUl) 

•<^^ ! )[ 

L-i" (Naples -^u) a^J- Jjtcfij (Monte Vesuvio)«ift»iUi ( _ r — Uikji ^ ^ ^ ^ j^i (2) 
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^ L*-^ V ^ *jl ^il iSL^hp (J-^*- ^ (jUL* — jjL) j jJLSJ j>-\ fjty^aj -5L>ol ^—SC^t • 



^ o-'i ji jSj cbjj ^ ji jiu. jj&j (Felix Savart - jUU f aJ - 

y_ - ■ ^ i g t-j -u^ ^ J^ L * S> '- 0 ' (^-^" _^ > "! 2j>w«_^.' iLJ_<JL* ^ g ~~ > ~ " * v^-S" i-l-'.A-*." OjwSi 

Thomas Hankins and Robert Silverman* (Instruments and the Imagination) 
.(JLptJtjGVVO '^;'"< j,*> au-s,. 

. ^t-JaJJ All i^iS ^ii j ^ 

Jean- Baptiste Biot^ Journal de Physique. 
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[ Jean-Baptiste Biot ( 1 774- 1 862) ^ - ] JUii ^\ ^ - 

Dan Graves, (Scientists of Faithi Forty-Eight Biographies of Historic Scientists and Their Christian Faith. 



jliU ^-Sli] j? [Jean-Baptiste Biot (1774-1862) j--b c-^b - j^] 
(jUU,^ ^jL.) <jyii j c jijs-^i cjusijjjj <jUi* [Felix Savart (1791-1841 

Hans oLl-j ^ ^—S'jiijJ! ^—ibj^ij ^L^JxJt ^5lc j sJ 

^ *jljl>- ^L^t ^ (1819) f L_P yi [Christian Orsted (1777-1851 

ur ^CLi)_j (^>b c^~-ib - o^r) OL-J yiil jllbJl ^5of dJLii Jv*j_j .4_J">U- 

l)Uj"V1 S^jb^dJl Jji.t*Jb ^LJ*i) "-^V^ -^-j*^ $i ( j*vJsLJt* _jJ-P ^ [jt: .* jLJ 4j 
. JU-I dAJJJ Jj ^b^l jbJl aS^U- yr jJULw Ja^l *UiiJl ^> iki 

■W^ L~£p ^Skxdl J^ 1 Jj^" 

JU^Vi Jbr j Js-\ awUlj t^-jjb ^ JU-I Sj aL'UJ (^b o— ^>b - ,Jv>-) -*-5j 
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u? ^a2>- oil j_Z^>'>lj 4 g : >- y (j5 <_-'' 3 J Ji-i^ <j\_^jjdl ^ J, jJuJi 4 i 

.[Daniel Bernoulli (1700- 1782) y. JtJb] ^\ 

i J JJH - ( ^L^Jl i JLa ^ viJlxJl ^1 ^ (^1 jit iS^^^yj. O j->£) J^U ^JiJ I ) 
^J) aJS" ^ <u>Jjc5 a51*51 JutJ cLi>- 5Ji\j>- SJLojJlj <L*-Jjo5I (^jL>) 3L>- cJlS' J li 

Suits' (Beauvais - jii yj.) ^-lJ^ ^li 4-* jjlu Jl^b^ a?-^ J}M»i a*; ^ j'i—^j 

^Lcj t(1797) <^ 0 — Jj-UJl j Apll^Vl diL- J.I iSy>-S^\—C- ^Ju ^jj .^L-^Li 

(Antonia Brisson - j-^) y. W yi\) I*-* j ^ ^ ^"Liii ^ ^ij-U 

jl^lj ^1 jj>- (J.I AiLjs!)^ jl*Jl y j <-^\j^-J-\ J L^Jjti (J-ilfJ 4JL>-i^ 1 g ■'>-l 

. (La College de France) ^ J ] 

t( 1 803) f i-p ^ S ^Jjl i£j j ^L_.jJl Jli c UIp ^L_3l ^.0 ^ilc \ 

\y3 \ jJlfT jJm c«-t«-^l L^ ^-S-*' ^ ^ i Lslj L-^Lis y^/si.o \ <i~L*>J» ^_iit j 

^^L^ ^Uy] »JLVjT(^Jlril) S^ll ^LV jJl ^ s ^L" J} .^L-Vl j 
^^Vi ^UJJI <iu Ji S^iJl [Tliomas Jefferson (1743-1826 
:(_j4b) aj Lc.4$Li l. L^J J J^i (Andrew Elliot - ^-^l _jj-^0 
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jf \ 4iLcSj JUJUJl 4P-Ls3t 4, *JU JLflJ 4 4? jJb- jj^aS^S^j aJL^ 

AilTjl Ujl?r JLA^i . . . j^JaJi ^ulai^a 4&j djl—^^uj <U3 s-Jf ^ll 4jjA> 01 

Uu>ij iU3jj-J.b j'-^j ^^t>* kji&V t^V^ o^j-li 

. ( (aj U ^ j <uJl / J ji J^i 

L>*k^i c^Ua-L* ^ sJ^ j ^Jp [Joseph Gay - Lussac (1778-1850 

^ JlSljj (LvS 13000) -5! srO 1 - 5 * ^ Jl *J^r J ^Jj 1 -VjM ^ »jUfl ^ 
( 1835)^^ "-^ t<UfljLa>- j e. ^.Ja-M j »■>- ^ JbJL*3l <l_ sI.-J-«~A 

I J^Iaj Sj! jit Si ill y jl jJLt £_* 0 ^^-iLo 4jJ> ^ 43"}U- ^iUj ji j jjjt Aj jt O-Ji L_o^ 

bLo^tl XoJ^ apLJI ^jjLie- aL^l ^r^^! ^ ^ aj yj2*S\ s\ ^il J"^^ jLlI 

. jl ^ii jJlLJ (Optical Axis - ^'_^aii cjLL^i Jp L-Ui 
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(Mica - oli Saj^i ^jvaJi ^ V^-^ ^\Juai\ ^>U^S"i ^ ( 1 847) f U- 
.[K 2 (Mgc Fee Al) 6 < (Sic Al) 8 O 20 (H 2 0) 4 ] ^ ^su^i 

.(1805) r U ,J ^JJi _j .UjUil ^Vl* J 

_j ^y^i Aragonite - ^si jVi) ut-j * ^ f^- 5 • 

■u" ? er LL - (2) (Calcite - c~.uKJi) 
.^jIj a^oi (Meridian) Jij^Ji 1* Jh* 



(Polymorphs - JlSUty j>j^) <_j> ^ (COj)- 3 ^5Lfi jJbr *^'v»l>- <j;Ji>-i -Aragonite ( 1 ) 
\>.J$\ ^Ji5UL ^lJj^ j ,Lii J^Lij ^ <jJj>o j (Calcile - c_iLJi^i!) ^ u- Jj (Ca C03) f jt-r-^ 1 

Jt^. OjSjj jSL-iJt^ u _^ u^ij i_ r JS^uCaC03) ^ ;jL-^.i_ : S' ^^i^j-^-t -Calcite (2) 
i^^u-ioV jUJi jty ZjiJSi ^ ^j^s. ^_^J<^i\ jS ^jilt+Ji (Vaterite) j (Aragonite! 
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.(Formentera - 1 jp^ j y3i) (Ibiza - ij^) c H ^ ^1 

. Jjl ^wJl }JS i3js>j SJ-Uii jLJaijl ^ IJ Jlixil • 

L. JliLil(1818) r Lp^^Lk^l . 
O-^-J s/j^ 1 .iL-w jij-ia (J ic- ^-^jJi *Lj? sJui i> jj> ^U^pl </a_Jt j 

U5l 



1 = Ie- kl 



Q) (Euler's Number) J y„ - e j 

(Biot's Law of Rotary Dispersion) ^^'L^ jUii*>U yi j y is • 

: JbJl jSLiJl L^ij ^jJlj 



oc - k/V 

.w-^isSic^u-k J 



iki ^» JLiuJl I> ^ ^ ii^jJl^ jjo^ ^Jl jb ^ ^liLo- ^ J—oo-o "s/ oJLjt - Euler's Number (1) 

|Hl pMri..:i:il pi I >t>v.n mi-i-jiii I 

t : 

pv 

JJL. Jl iiliS" j\Ji^ - p j 
a^jL it 3»-l Jj jljLL* — V * 

. jtSL« ^ Jjl—Jl luw. jlJii* — | - l I. pMll'tlilll 

.(^ rj l().0l5L.U»ji^ j!LJii»i^ jiJi* - I'flW.,. -.iKMrn 
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J»«^x~-il f.^JaJi j ^JJ UJS" L>tj j Jj a ; . (QuartZ - ) S^U ^ ^j^Js 

Charles Babbage J jti] ^ji^J^i v .r^ 1 ^ ^— y-^ 
£V>-' <^ cs^J ' <,A ^'yj o j-^- 5 4^j(jjbJ(3L>- ajL*^^ jv^Ji tj^^Jl [1791 - 1871 

.(1935)^^ 

(Mezieres - "^.^ ^ ( Felix Savart - j^L- L r>^) -^j 

Ji^pVi ^ j-jJjJl. ^»15j (1 828) ^ j_<i llAii yil ^l^KJ) ^ u rij^ u-^j^ 
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f\j >Us ^ (AcOUStiCS) 0>1 f jllp ^ <U-»I jUU«iJ iJLfcbr J^P ilia i<L^J»lJdl 

^yL) li * jlSol j JSL-iJl ^u*» (fiddle) 0U^15 *pI <.£\ yA j Ot— »S3i 
SjJb Ju l>-l j<x*aj lj\yytz+*jt iUjtp ^ SjLp c(Savart Disc — jLJ>L« 
l^.Ju.i t^J>S 3L^gU^» ajTy>j (Savart Cup — £*i3) ^liii^ ^ jy-l j t<L_ • 

5 ^ [(2 1/301 )c5l t30l/l S^JJi Jl l*#jA 2] t5jW Ul«JL3 yjxJl UJdl a,Jb> 




Q 



suJ» i y»U» ^* ^ tiiijiA «Jb>Jsj jt 06=!*^ j* O&ii* Os? s^— ift - Musical Octave (1) 

US' (Svb) U»jf ; (8 va) J^f <-i USjl d U_j i JJ>_- ^ll oTJt pJan* Olyi Jr**J-^J *s- ^ ^jV* ^ oja^^^J 
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I lal"»h;iiic. Charles. Passages from the Life o) u I'hilosopliei (New Brunswick. 
N .1 Ruijicis I nivcisily Piusv l l W4). 

Buechc. Frederick. Introduction so Physics lor Scientists and luigmcers (New 
York: McGraw-Hill. 19751. 

( 'onsolnuiiiio. Gu\, and M;irlh;i Schaelcr, Worlds Apart: .1 Tcxlhook in Plane- 
nn\- Sciences ( Fni'lc-wnnd Clil'K N.I.: PrenHce Hall. 19941. 

Crosland. Maurice P.. •Jcan-Bapliste Biol." in Dictionary of Scientific Biogra- 
phy. Charles Gillispic. editor-in-chief (New York: Glmrles ScribnerN Sons. P>7<1). 

Doslmvskv. Sit>;tlia. "Felix Savart."' in Dictionary of Scientijic Biography. 
Cliin les C lillispic. ediior-in-chief (New York: Charles SerilmerN Sons. 197(1). 

Graves. Dan. Scientists of Faith: Forty - fii\>ht Biographies of Historic Scientists 
and Their Christian Faith (Grand Rapids. Midi.: Krejjel Publications, l l Wti), 



John Foster. (The Divine Lawmaker! Lectures on 
Induction Laws of Nature and the Existence of God). 
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^J*^»- j^Q^-^^^la^Ull&gJJl dJ-l-j^Afil^ jm^I dLJi Js>la=Jl ^ ^\ jj-^iJLfc j 

Freeman Dyson* introduction to John Cornwell's. 
(Nature's Imagination i The Frontiers of Scientific Vision ) 

JeffHecht. (More Than the Sum of Their Parts). New Scientist. August 12. 2006. 

0 jSsJ\ ob j^^o <Li « 1^jI**>U ^pLi) \-«^tfT j\jUcj l^-U ^ \a £zj> jl UdJusr- jS 

Robert M. Pirsig. Zenard the Art of Motorcycle Maiutenance. 
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FOURIER'S LAW OF HEAT CONDUCTION 
:1822 Ujj^ ^Tt 

J/Lj j c(LORD KELVIN) j^^! j> ;(RENE DESCARTES) aJ jtfLo sljj 
j^Ij <(NICOLAS DE CARITAT CONDORCET) / ^jlT 

.(OLIVER HEAVISIDE) JyU ^i* >Jjl ■> 4 ( ANTOINE LAVOISIER) *-0^ 

:1822 jiU □iJb-i > 
Jean - - ij^iy - 0^ ) ^^-j yi\ j — ^jJi ^L^iil (1 — iip ^_J^5 - 

(a-iip j ji^Ji ) 2 — iJJi j j — « j dJLi ^4_>u; J/^j (Francois Champollion 

a;> (Rosetta Stone) >>^. ^ UaJUjcu-i J^u- ^ v^jijs j arjuJi 
(Charles Babbage- £\A> JjU^j^yi ^a^Ii j ^js\- 

o^pr JS^j^&j (4«k5 (25000)^^0 UU&jUV^vk^oS jl5"j .^1 y^l 



ijiS-^jXi. |V*L- JJij c 1 799 f ^ ( _ s -lf- 0 _jJj(j si**- Aiiiji'i ^JJi ( jl^j) _ r j>^ j-j> - Rosetta Stone (11 
Thomas -^y.^y) iSj^^^o* J 5 " '1** j jAiji -i« i*_ujl Jj^ato (i-^Uj^) kl^li jUJ! ^Ip 
jfj^ j . 1822 pU ^ (Jean - Francois Champillion - _,4r* u 'j^ 1 ./* ~ -» lj ^ t } (Young 

^js sii^s o^uJ iVyi Uaj 1 ^-tc o>J .iij (- Ptolemaic Era ^cjl*J\ ...li-i.ii) jl^jJi J,i l^-jjIj jJ— ^ 
^ si— ii^jU; iS-SL-^SJt jy\ Z—Al\j Demotic — <^.^ «Jj sjyLejj^J! — («*sj2 j--^.^ j^aJ 
.(^ >t) . j.lk,jJi ^j^dt ^ (Lije .j. u^) jyt j Jr» (196) f i*Si 
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L^ilU ^ <J^L*S3 J jVl Jail ^ ^^JJT J^W" 

SJl j^oJl iS" ik^l JlxJl Lfj^L? JllfJ J* J-*^ J*>^ Lv^i *j _} ^ 
<ti iLdil *_ijs J! ^LJl ^UJi ^ Uib AjjI _^J-i iilkJl JiuJ .<j^Lej jJr-1 ^JUbJ 

.(Conduction - LS — ; 



AT 
A* 



aJ a^j^i^JJ SjLus J.I S^lil <Lp y j ^Lp- ^^Uij ojIj - K » 

.1^">U- JUuVl S^i ^ ^Jl S^Ui di— jlai^ - A x j 

— 478 — 



[ Js- UL^>-I ^LwiJ U LJIp j yU3i iJu& c>LLJaj .(^ t^) ^y^j (jr^L^i j 

: JbJi ^Jl JUii dA3 J ^>.-i ^3 (J JL* U iJl j U ^ g jij 
^ cLfcjxA^J <s^>-\ (A)J^ t(AB) LfS ji» ^3^3 u-^J^ 

UjLx^l ^xj: ^1 j i&lUl (^L~J! JUxil ji) Ob y>- J*A*-» oli OV^j cc?^->-Vi (B) 

J yiii ji^il. lo ^ ^^'U^ c(Heat Current) ji^-i jW^ ^ J^S" 

oji ^w=y SjLwj . Lo^jlj iL^aLaii SiL-ll L^-^p^ t (B) j (A) ^^r -51 " (S^J^ ' 

.J^-ii J| (AB) v-iiSi j^^'uju.y (B) j»(A)^.^ 



A..v 



(7= 



L^g^Jl , yJJ Iw!l_j>- aJ^Uj aJj15 l^j-Laj Sjl ^ r >J3 IJL_?r aJ 1 ^ ^ 



ijjL-^. a« ji jw.uL ^ys^ i j ; i jj« l^i ji i^-M ^-^} 'j 1 ^ ' ^""bon Nano - Tubes ( 1 ') 
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^J-l ai aJUJi XJLUi! 
»i> Ul» . jdLill <uj yjjjj a ^» ^iLJLJ-) i_3Lj^S1 — L**~j aU „ .. .\\ Sj.£>-Vl ^ ^>»; 

^,^^^1 Lu <uip <jJ6\ UJJ L.I t( Breath Test) ( _/*>^ ^ aJp jlkj 

till j\s^j J.I AjjI y>- y)^-^ {J *^J^' <3***^ tj* 1 ^' *Jj^ iJl <iJ^ es*^^ v_-^Jl 

( ! ! ^^SL. ^ ">Li i^l ^1 cJ^I ^ J-S Vl J*) JU^ ^ j 

(^•lil) 1$j ( _ s Ji aj'uil 5<.U^JI ^JLb 3jI ^1 JLj^J 3Uj15 tL'or 2b ; liil 3L-SJjJl 
<_Cji k^jwil ( JS'Li~« oS/ tdjLJi^- ^-^s^^.- (Jlill wU*j L«-JaP LoJ?- o y>s~x 

l*5j .A-J yLilj A_j Jj>~>.\ ^hj^ — ^ J-! $ J^y^ J"^ Ji*^' Ici^A-jJlj 

^*!>\^.'l ^ju U c«-b— sf- AjxJ^ -Lj^r (jiJJ Oi aJ jj>- ^Cwli!^ ^lil ( yt^ ^\JuJ)l 
V jL^->- (J-*"^ (^g*^ 4 U>J/^^I - J "^- 4 1 ( _^) < -L-*-va A^^-;-* Jjjj tiilS" A — fl^ai 
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La /j^s-S^ (^li!) ^iJb^tLj/i \ ^ j>l ^i! ^ ^s- ^^Uioxil JL4 ^L-jJo-xJl 

<Lljli Lg^a i i >L-*<Vl ^iSCiS i y*-?^ vllJij 2lL^9 y> <u-i< .>! ^-a ^^a (ji—j^i ^ -.^j 

JU^AH j>-\ ^Jjl oiU^^ ^-^jr V 5jj1 j>- ^VL4 ^ u^^j } jLJLLil 

3Lot^ Jliiiii «— 5 j ^ (^iLl ) ^ 2Lp iJ j _/^Wl ^LLUil J-*^ 1 J.j iLi» I cLfU^ 
Jj^J ^ya ^L^Jl Lg.;fCf Jj AsL^sl t^J^JtJUlji <j^l) JLp y dj^Jj u sLJs?i ^j^-.^ iiuLi os-Ui^jj Lu>7 

wl>- j JJij caJL£i»wI J^-*' l — 3 J iS^*J ((j*^) »A>-1_J (jLi*5j 

Jlji^j .(jj ybliCS" 81) <3 ^— a-" cLAjS 5LL 15 2L-j yrdSl £~^Lll j& jl 

V ^^^a^Jul) ^JL^L?- (Ji*^ ijUaJ jl ^JjJ ji dJJ iSuivaii d)— ij ^oJbi ^ :>_l*ii LLft 
^JLo^ JOjj Ll 4li-U^ oJj-^J^- iJtfc ^J? ^cj jb" c2008 (j^j)^*- 1 ^ 

!>V0>^s-3 Jl 2) 

100) Jl v*J^i ^° (^^;^- t 3 " ^rj' 5 ^Jj' J>- ^rj- 5 C-Jtii Sjji y>- j5"LL>i 

^Js- j^SLWl cjI j j-^*-^' Sj>Lu^ ^Lj.-Vi 3j>L_L! ^ys j) J-vf y ^— «i> J.J _ jr $5xJL5 
<ULS"Jj>-b ^ l L«jJ c<uit (Br) ^Jl ^^aip I^il>- aJLJJ JL^iiilisLj (L^pI ^3">b>-1 

Vli^ ^JUl il'U 
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\i .»■■ JjlLi { y<^> iiliaj! Oj\ y jJLJ Si yt£, { j±ojQ ll ttoJjiilj ^y=Ui-l ^pi^ 

William^— y ^uii ^jj; afCJi j syy ^jJ^Vi j>$-iJi ^j^ 1 

Lord - jiK ijjill) (^-i. u Lju ^LJ ^ [Thomson ( 1 824- 1 907 

((j J J-~-* yii o j — ili) cSiikl) oj yU ^>L>- [Kelvin 

JLl* 0 _«J-* (400 (Jl 20) <jy. i^JL>tJ ajJi ^jJlj t(, y^jV!) £ j***- -b-b^ii 
1 .a*, SLjL^-i 1 ^ •>- U . o J\ y>- i>-j-> (_r^j^^ -^/y 4-*J'^ 

ol J AjL^j yij L-Ll^-I US' aJUL-^xj JS <0l — aJl ^ j .^JLp j — ^ ^Ji J«i L_ji V] 

cu-Vyi flty J&\ oi^i dJUbud ^iJ Q^IS" jj^Jl ) U^^/Sl ^ (2L») L^jf 
o^oi iij \ S a) JU j cL^-l ^ 1 g : Lp t« c ^iJ ^gJl ooi &Uj jVlj j j> 

i^^o- 4_JUI — >- _j Ajlws yu (j_ai5') Ua^- .5 **j .(! ! 5L_j^iajJi dilj J-U<aj ^ — s>l 
i^jj j%£?L*Jl^ .>! w*Ji i^U-iJl AjjLkxioVl ^JUiil 3 yrjj ^ j- 5 ! f *^ f ^ 

t (1 862) f u ^ (Jhl>0 ^ ^ oi^*.? c^^ 1 C W J* 
( 1 864) f u ^ aLlS* o^Js ^c.u^L^Vi ^^1111 ^JLi L_*Uii 

Sijjjdl iJj&l 3 yilkll J^wtf ^ \X*r yjlw ^/as^^ ^y^Xo Ja-c-j t*n£> 

^slij 3x ytfi i-^uJ-i JUL- ; (Dissipation of Euergy - ijy)^^ 

Siilalls! jL-ii5jU yi^O? jAj^^JJlOjl jsHdUi .l^Jjl ^ObrjJ^^*^! 
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05 j Xfl ii\ VJJ-fe-il ^ Jl £*jzt j JU£ OtTOt j^-iH JJ^j^ ^ b ^ 

.-WbuJU ilti "\Jt^ ^Ujm 4^iJb Jj ijjo 

^jjiJ^ Siaii JUA^j^ — ^jjl l» iJUj — L^U— j\ <j A jf ^ ,..C 

ijjbtf - J^»i^ - ^ jJi ^ ^^^\Ji\ j> yJt 01 

Laji J\j l^Jjl ^ O^ij^Vj^jVI v^-^ 1 ^^^J jd- 1 ^ 

i^jt i*>L« (aj-j) JL£N 0 j (1 '(Leibnitz's Theory - jaaJ ij^fai) 

.((... ^jljaife-i 



j>u*a <j\£ Lo^_« L^j jlxf ^jJl^ Sjl >tl5 ?Jjl^Jl aJL^ <LJjIaJ yiaJb 4~~«»Ls i3 j y_ 5 *LJL>- 



^j^kj i '[Gottfried Wilhelm Von Leibniz -( 1646- 17 L6) j_J jj^ii -i<>y] j-» ( 1) 

Binary - ^utli ^LJiJi)^^ i~5" j__i^(lnfinitismal Calculas) ^^Ji^^uJ! ^i— 

_ys ( JiJ-i Li ^ jU- ) iiiiiJii iji^liJi jjjji <_j-u» ^ j^tJ-i ^ t__-!_yJ-i <uJ J_^>i « — j (System 
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LcJ_j cO^i ^-JLiJij ^Lii3l JjJl*il (J -Jb ^yilfxj ^ jlS" Jl_*3 c((^jv~iJl ^U^iJl) 

! L^jl« iJUi>S bLlpi J U UJb jlS' 

Pierre- Alphonse - jiji ^) ^Ji Juii *J i^t^ ^Ji aJLjU 

iSy j v-^j ./ ls-^ v j^ 1 ^ J*^- (Fesard 

s j^joi AJi g? jUi (J iJ r ! jj ^ ( Auxerre - y..S ji ) aIaL <_> ^ j-^f 

wUj ^1 <_cjJ) o^L^>- iL^I i3j-U-^ (J^- 5 < U-jij lkil>- 4 «lj j>-\^ ^ • 

iL^I ^^ip I jitS 



John Morley. (Voltaire )< in Critical Miscellanies t 1872. 

(«L»J» LjLcjJU) ^''^j'' 

o y>t_J j*>li»- (^-"J V 5_-<^JiP 5u«^Ljaj C->Lj?L» ^Ji ^iLc- (ibjj ^3) vs>l ..l^J — 
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^ J-*^ o y j jjSf \ 2&J-\ $ I ^aS\ ^ (JUaSUlLl) clXlJ (i-fL^- )j Jj 
Jerome Ravet2 and L Grattan - Guiness,. (Fourier), in Dictionary of Scientific Biogrophy. 

.^Lul jJl f.\ <t[*Uj*uu j^^ii u<T«<( J^C I <^ in Vila £_ 



Jean Baptiste 4 — o» j c_^b o^r] ^ — -J ^ — s^u a — Sj 
^ allaii (Auxerre - ^j^O ^ [Joseph Fourier (1768-1 830 
*u y^^il i> ytil ^cjJLSi l^JijjuJl^j c-j ^p j (Yonne — o _j— ^i) 

^llpl .^btJl j <j~* 8 ^ } (* & ■ J^*^ <_?*^ Oi— ! £~><'LxJt y jlS' J i! 



CU-j> j^) c^f-u] ^Ju; j li5 ?w~' ^ jjl^* j ^i-> ^ — "Ju £jJi p—* j - Benedictine Monks < 1) 

£^.*^±>j - jOU OLA^yjUi^LJl o jili J,i^ <jl^$ ^ j [Benedict of Nursia (480-547) ^-jyJi 
Pope Honorius- ^J^i^-jjj^ '-"M'J^ <>* !— ^-^(^f ta; 1 ^ ^ j^U-i **-LJt3ii£j^> — Jt ijk^-J.^ j__Ji 

.1220 fU^dll 
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(1730-1814) jj-rf Jj\-a] J^i ^bjl (^L_^bji ^ 
SjipUi jU ^u^i ^ ^^j? s ^ ^ i jjis- ^j>LJi ^aJL li j .[Charles Bezout 
jjjJr\ i»LJji ^ 0 a:T ( _ 5 -^i_j t^L-3jVi <j^i ji— *^ (Descartes - A-JjtSLo) 
y. ijjw (Polynomial) S:u_*i* ikLw ^1 ^ Si j_j>- ^ Jj s—ji^iJ-i 

0^(1637)^^ JliilJ^JUi] cI^J-aIW^ 1 *-^ L^UU* ^IjLii jj^J 
(^jy Jjil ^ii) c^LJl 5ij Je> Oj^il _j cJLi \_* jL_c ^ [(X 4 + 9x 3 - 4x 2 - X ~ 5) 

;dJJi v_^jJLxJU LL_i_j _y^Jl jJULJl; Jl^Vl j_j J jL_>- 

c-LoJijt]\j aJ jbi 4j c5jL-s<aJ-i ^-^W *■* ^JaX-«Ji ^JjtiSlj j-^Ua j 

L.^j dJjJLJ ^L>-V i _ r ^5' ^iii co jJj L> ^ ^JJ j^JbjA^- jwU-l_j pJfcUa^- ^glp 51 5 — 5 jLtf. j 

^j>- ^ A^iS'jU.Jl 5L^j>Jl 2L*Uj a^ii-iil ( 1 787) "^'"^ <_i (^j j*) J-v?j 

jL^i^^i Jus] J^i Js. (St. Benoit - sur - Loir - - - u — 



j^U* j^—^i t\s\ J jLxJl 3LJ-I ^ ^yLJLi-i ^5>lLJ>. <L_S"lj.>ij C-i _jJl Jj^r° "3 

Nicolas de Caritat bjiS" p V ySCj] y_? (**• j y) J'^J 

oy-^i^ ^ o^j^ 1 cr" {_} — -h! (1 T(Condorcet (1743-1794 

f2) ( Jacobins - y^.S Ur!) ^ — *b jj-ij ytii 

— d^oji jiV (J. ] ji^Ji t_s —, ^J^' 'tJ -5 '^ t ^""-' y*^ * J ^ ^ 

- cU^ii pLJ ^-LiU jljt^i ^ [(Antoine Lavoisier ( 1743-1 794) 



Marie jean AutonieNic -^-jjJJj^-^S"^- I ^jtf^Vj — SLi ^ — i J ii! lJ>Jrii sji — »]j — ■> (l) 

Li-*£- ji^ 1 —- (iuej — — L» [(las de Caritat^ Marquis de Condorcet (1743-L794 

SiiJ-i L_i^ ^ Ujjt j'ja ^.jiiJj c^> £\ J^U- ^(1789-1794)^^ - lacobins <2) 

.(^ j^O OjUjVl ^yi 1 Je± A^rJ 
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^ - ^jyr) V^r 1 ^ ^ y^ 1 ^L^bjl ^ (1797) fl* 

J-l^Ji a_,ib^Sfi ^ ^JU- (Joseph - Louis Lagrange - 

2U^u dJL5S cJL' ^ aJLJLsil c^ly*Jl fis j t( 1789) pi* ^ J* ij&z^ 

f is . (Description de l'Egypte - ^ & ^ j- 1 — l?*^ ^ J* 1 

JjjJj ^S") 4_ftkj^ ^ !j (0jJLi'G)4JLvj! t(1801 ) pi— P ^ L—i Jj y-rj Jl_*j 

oLJU^ JL^ J> ^! ^ ^^s^c. 4_upj (Grenoble 

4jLJjIS tJl^LjsipLj ^jU <Up- o j-" ii! oJLfc (Jt ji? ^.-^j . J> ylaJ^ tLiJj « <_2-j\ t a,:"^l! 

t( 1804) ^1— p Jl y- *J Jh J_f- ^L^ljij ^\s^j\ wLJ olS" 

l^U^I^ Sji 3 ^ ^ij-^x^l aiJ .(1 807) fl* ^ c?i ^jliil JUi 

^1 ^ULH_j ^.V»7..1l U yi—^jly ^Ij SLib^il i-*,JL^5l JtfLiVl J*^^ 

^^So: ;tJL>- aii ^1 ^ ^t^J'LL^ JV^*- <>j^ JUii ^ >L-' fj*^ 1 es-^^ ^ 
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777 \ ^ ^ / 



Oi** cJj - t ^ 
t_c^ ll l5 JLp SiAii iiaiJ — (yc x) 

l_C iJl_jd aJsLllJ ^ U5) Jjaiil Syu . (t = o) h 4_tJ- ^ 

JuL" Jii ^ (Cosine - ^ u? v— 5 ^ ^ ~ Sine - s& 

I. - yS- bV^\ j£ Lf\) j (Jerome Ravetz - j — ^)u~* J- ^y- 5 ^ 
: Jj U (ajiAJi ^) j^j^ ^ (Grattan - Guiness 

„ .. i oJU>-ij 3Ja>o L_£l]iL»i j l^jUJaj j 4JLL~Jl (4—oj ^j) OjLP ^/s.^-li 

^^rjil Jul ^1 IajJUJ cJl5" 4^-L>ljjj 5ib ke-L^ff oilpj L»iLL< 
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. AJtJ ^ Ail <j: jii Jl j Lfi ( ^-—^ j 

c^oj^^l aJV oj ^bJJ el ^Jl oL_jjjj>- k-l jl jIjlL. Jic ^Ij cy (t) ^ a^'j kjl ^ 3 Jlj> 

Ajs^di j jJL-U aJVju 2J|jJI ctJU; ZubS' (ojji) sj\ jx* U^i .SpL^Vl iilJafl S-^^l 



>•(/) = ^ ,4,, sin ia n t + J5„ cos o),^. 



:y (t) *^ jil *3laJL5 ^ j*yJl ,J^-\ ^jJi (cOj) j Jil ef^L-J _j JjLE ^-^cj 
c^j^^i j\ (Drum) sJLLJi iJy ajjUil J^i oLjjj>- o-iji jla_L> j (jx> Jic L5 Jij 

.(Clarinet) 

[co =27r/T] atfia, [y (t)] iiUl vr jL\ aJlJi^j 

L^j'liorJl jCi J-^(B) ^(A)^^^^!^^^^^^!^! j&Jl ^ (T) 

jjT.^w— Ilj t_C^LJLaxi1 ^y>- ^ii J^ljuJl v^JlJ j ^sl JW'J ^<-L;i*J |ji Jlio^j 

•<S (J~^ ^J'-V ^* 'U "V^J (.s^'j ( jLi^il l)L-uI) 

J^?b- a5*^Jj 5.j>- ^ll tilij ^ ^s^j ^>^l Ll^xj: Ljj& 




(A) J t_? ^ ^ ul (Period ^ j) i«J ^jJi c * (T) ^ 

. o JlJ j^Il j»*aJl jil J^-i ^jIp (B) J 

.(l^JJLij L^J tj:\) 2L>- jl jlJJL* — (yo) Jif 

. (Period) j - C^- ^L.^ 5^ » j **r>- o-J 5 ^ t^' ) ^"-(T) 3 

J [Sir James Jeons ( 1877- 1946) y^^^j^s] ^ 
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tip iLilS" ilOpf i»Lfl-.'t jiji* jp iiUi j {aJLow* ijrjiCJ^ Ufro j i<Ul J— ,0 jsll 
. (( . tPJujI U jft ijLfc j i-r^-l Ol?r jit ^-VP 

i jU b^ib 5LaJL*xil J_JU-il ^ JuJuJl c~iiU Ub-J <j; j>-^\ 4_5UpI c^uJuj 

J ^kJl ^y. Ju JjJl Jj ^jS/i <« r -5' ^j-jj ^ixil ^^JtJl AjJ^ _} J _}Jl— !i 2Li$Ju" J^-Js j 

. 1^-3 lLiJ-1 Sl-^J ^fflij!^ iiii^dl 0--L*»Liil tjCJu 
<lJ_£- ^U- S jLL ^lii i(0 JjbJl) k-JLS^JLp {^y\jy d _^JL U ) (1808) *Ip 

i^s*z>\ jiv_j c^U*^ Aj^ilS^i ^ i ^Jap ^bitil *- (1817)^b- ^ j t(oJ yx3l)ajj 

.4-^jbi-l Ojj^Ji ^Cjyis ljy*^/l ^t-o^ril ^^LcbtJl ^./3*]l > 

l±A\ y\ yA\ J <Jj\ >l yti ^ Uji 42,>j ^ jSl ( 1 822 ) f ^ J 

.[j^ii ^Aii J (dt / dx) i^l. tSji >i ^ js-iJi 

4j ^iij) J.! .ibx^/yi; <LJj_Ji] j ^isj jlS'Crf—jj ji) jt lib- ^io&ail j ^ .til «j— "J 

iUL**j LJp l^j">Uaj c— Stjlais 5j J& (Caloric Theory - oj*^- 1 

(^Jlil j-. U ) Ju&l ^ * j 1 j-^* J 1 -^ 1 ^' ij^ ^ } 

^ ^ ^ el! ^ clr° ^ (>* ^J^ 1 ^ i iJ^ jj'S ^ 

5j_«UJl aJ (jjLSJ-l s_^Jl j^r (_y» -iW j>^~jj Oi*^' ^ y LaJl jl5v-«l ^ d)L — 4_->b£vJi I Jjt> 
^Loju (^Ji-S') yu jl . . t3j— 5alJl (_ll 4j*^>1 j _jl O yliil 2l>-b>- t*>b_jtS OwL_»Li!l j 
,U j^i- o j ^aJ! 2LtJaJ| (ji) j\ . . ,(Ji^) jl J _jJLi5l dAii 
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JjL^Jb j ji) Ll> t( 1820s) £^Lil j yiM ^ c-'Uj^^XoJI 
JL^*xS AisJb JiU^V^ ( u ^jVl) jS3 t-^J Sjl yU 2L^jbL. 

ojj jJJ SbjlyJ-l SjciVI ( _ s i-C- jb a jvtf- <-U!p Ai^l JLeJi ,<U~p S^JlaJl y\ 

iijS^J,! ^-1 J"*"^ (J^-* 5 "! Lajl <U$-Jj k j^ 3 J^^ t_i! <wjjl Oj! yM e-J^ 

^ v^t/^^^ 1 1 (Greenhouse) j^JmJi ^-WjM c-J^J-* ^-^ jVl 

<>jJ>Ju ^Js- c-Ujj .1 g-aJ-*J ^xil J^l ti] * j* L\£-bci>! -^2 a* coj! yM dJ Lj 

-y >T 3£_ P^3 Cf ^3^3 tm ^s > ~3J^ ajLipl jj^o: .iiSjJl y^^ui! i JLa.ll 

2L-J yiJl j ^Jj'J SJUo- ^ <uS"j'J^» Jjc (2up! ylli iifcli) ji cjlS" <ul> oUjLtJl OjL 

j ^xAjl pJb IJbj ILlJJI oJL~>- ojl j>*j Js-Ux^-Vl (JLf- 1 Jjo ^ii (Jk*Jl> ) ^jJL^l Jill 
jl j$\ ^isLi^jLi ^ ^Jl oL^l *}\>- ^jZsJ^tZ \ ^IjX^b vi^J jJ-\ (_5^^1 (.S*"^ J J)k:li . ijjlj 

<J»2 jA\ /fJi c<i_jUj dilS" li jvJ^ (Myxedema - L_cp _^Jxit) aJjuxJi SjljJI o _^--» y* 

L5 -iJ.l5' *jiUJ) ^ jjUlsti ^ cia—JLij yKjLJLi * g :: j ^ g; jil o>l J Jkjc» ^—iai^j 

jJaj V ;Lf A>f (a^jj LlU JU- ^ Lo^j Li JU- JS" j^Ipj j^J ^ . Jl y-Vl 5-J15" 

^|^>tJ A>Jb>- JL>-! ^-iLtW.^jI ^JLp Jj .JLiJi <Ly* y- ^4 i^ji ^ Jb-lj ^_iJa*X,lj>cj>-JL<> V| ^ _J j^-1 



.(^ >^ ^ - Hopenhagen 2009 ^UJ (ij) (1 ) 
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p ^><^ flUlj ^S- eUjl J fUJlj LL^4> <Ul3wb" ^jif- j>- Lclj LbJ 0_oUu ^-i^ A^J AZ^jJi 

Ji AL^- ; JlJ J .Al>-Li» AjJS ijyj O.Ussi _yj (1830)^ ^ .A^- 1 ^ AjLp- AxjL^> 

^bS" j (Gale E . Christiansen - / . ^ I J—S") o_y= j 

o_L^>- ^L^]y jjLi I Sij ydl oJLp- aJj Jsi\ vlJULj A3-jL> V LS r-~^ A_J j^U^a 

cL-^jiij-UiaJlklUiO^ Jil ,*y r -> J Jill 35" jJ-JjCpiiltftZjii^j U.u^ 
(<u> j^^^^r tj U^J ^ j ObUt) alb j lu-.,^ sJUjt tU^aJL?- j)I 
CJlS' ^Jl Oljl ^Ij ObUa3-l ^ JLiJUSt ^ 4<Ur^l ^ jili jmU: . 

(1850-1924) juL ^l* ^jJ^J^l j — * ^Tj-i^ ^ju^^-u^. 
-4;-iii. Aii5" AsyZ - ^s-^La) Ju .l_l5 .L_ji [Oliver Heaviside 

^-JyS A*^ _j aJ Sj^I cjI (jy .(1912) ^L^i ^ (J-!> 5 j— 

(wUL*. ^gA;-*) ji^-«J ^^>«^ 2LL»jt]i ^JbJl .A^^^Li^^^SvJl o ytslliJJ a^a'l^^I )T 
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a jLdt lj\J~\ <^J yJl J^- 5 & ^»«~Jl 5J*JLj el y^-Vl J* (JbL» ^jV") tu> Ji aJ 

i^-jjul J,j Sjl ^J-Li ajJj o^L) jj 4ijU- ^jU U ^tjjbil ^p-S'ij jl ! ! (^.Lg.>- ^ j-j-O 

^ J*jtli j <>j\ ^-L> (jljU < _ 5 * t *) £ r j ^ . ^-Ji J* (L._jj 365) -I j L-jj (s_pL« 24) o _^ljJ 

. L.^ (L*£» Ui5 800000) Ji v UJL. L^U USj jUJt ^ <^^1 ^ jUU 
L^jo^- L^i-U- yd jiaJl ^ JuJjJl OLtj sjijlj «w*b yJi C^j oL^iaj 3il5" JJU ji 
J ^Jiil ^AsUiJl jU^-Jlj J y y\\ ^ j^C-^i ^CJij ^ A5Li>-l Jl JL9 v~-J J 

; J^j jju>- <uLjL^_«[^ o yLf- jv-pj aj ajI^Jj (ajj^s) SUl*>» (F. Sun 

^Fourier's Integral) -u-^i J — oiUi>ttJij o^i^Ji ^ 



a)/ 



Jj ! cJL* j u ^1 a-ib^ j Jo - Fourier's Integral + Fourier's Transform (2) j (1 ) 

L$ LJ Oj^f -J^j (Time) '-4-"^- > '' ^--r*" ■^•Ijl-^^' iLi-Lx* Jj U --^ (_<; ^>-l ^1 ^i.e-*- j-_»Tf.c,t ?u j 

/ii). (Frequency Domain - i-Lii!) 
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ojiu i^5iii_ii j '^(Fourier's Transform) j-«Ji j 
Lsr jJ >^=Ji Jj*- i- y - j^ 'j (31 (Fourier's Series) 

. ((t^JaJij ^ ^Lp-j «Ui!!lj s-Ljj-flJl j i-j justs' 
^ (ojy) c^ijUt ji j lAi^, (loan James - ^r—*^ b\y\)^&>\ ^r^- 

^JU7j^^l^^t«^^^l<Uj^^ <tft#- Jl j_t>)) 

(JjLI ^- y.) v-^J S ^xi v^Us^ (Gustave Eiffel - J-^y ^) jLi^-i 

^jjjj! ^jyt^Jl^j (^^-''Vl (JjijjW^ tLaJLc- j^Js ^j^t (<^>j CUwjLi ^ ^ . ..ll 

Lu ^ ^ (5^:. ..11 



(Periodic Signal) ijj>^*ijj~\ ji (Periodic) t jA^i^»\ i jU i Je Fourier's Series (3) <2) 
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Asrj JlaS !!tiij)t ^ jj£j Jty-j ^^^--a-iJi J y OljjJlU ^Ij&l **JL* U • 

5^l» ajirj. ) j-^S (^JiJUr^) ^L-iJ( (Kepler - jA*Ocr*j v/u* Ul 
Richard Feyuman< (The Character of Physical Law) 
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DlT) — Jw- — ^IjLaa^S^. — /^'U* gtycf Ji-itf) USUI SjiaA 
Paul DavieS( (The Fifth Miracle). 

j» Uj . . .4j^iV^ iS ^- a^Jl (l JteH ivll (tt-^jll) i*JU j ^ U ^ dLJLft . 

lib jULjI (_As*— ^jv; L» j 

LJ^^J^ sjjj jUjb SJUJls- iLi*>i i J*pz-» l# b? ^SLj Jj-aiOl JU> . Li^wjlk 
OjJjSij ...O^Ibj^SOiyj Ubl jij lijjxi-^SJjbAj bvlftii jl j£l jwi Softlsr JjU^fcj ^jJl 

Freeman Dyson* (Science & Religion. No Ends in Sight) 
Newvork Review of Books 
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AMPERE'S CIRCUITAL LAW OF ELECTROMAGNETISIM 



^.^X ^Ut-j c(BIOT-SAVART LAW) jUU-^b o^jii 
t(HANS QRSTED) jl^jI >jUj <(MAXWELL'S EQUATIONS) 
MICHAEL) cjbi> J-~vj ^JOSEPH HENRY) <Sj-* 
^SSJ) c(JEAN-BAPTISTE BIOT) #\>. c~ob - o-r j .(FARADAY 

. (FELIX SAV ART) jiiL- 

•1&25 ?U 

(Albany) jUiaik^^^Jiii ^Jj ^ ^(Erie Canal) Ju^issy - 

>L j*«Ijsj'Vl JfljjsJkl A-* ^oiajJl OjIjOxJI ^ij^" liJJjjj ((J^jJ) Oj^J J.' .iij «i»J ^ 

JLaj> ^jS»xJ v-1jL> jJL)t!l 

L_«J^P (,(1819) fL_tJJ Jai ^ JiijU J ^^^JaUiil ij^j) k- t Xy)a}\ kS%i\ jj-^sj jl 

[H ans Christion Qrsted (1777-1851) Jlj^j jl OLl-/ >L*] ^jLLtfl j^l U^xjS"! 
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aS'y ^Jl oliLiiS^i/U olpi j^-Vl c-*^4 L. uLp^i ^vb- aJJ ^j&i U < J*}\ Jju* jJUj 

i j yL&iJi^ y L«j <j^2^h» j (1820) j»u ^ (Qrsted-^-^ jji) 

aJL ^ ^Liaj _^Lp ^ y&j w-~>^- ^Le^ifel p-fr!-^ oJ jj Ji jlS' *>L*i ^AJi jjwJ^l'l (jjoj L^>U- 

jJJl ^ j— a^i * — pt j > l# (45 Jl_L- L^.. V j ( 182 5- 1820 ) l— * 

Oj/Ij [Andre- Marie Ampere (1775-1836) ^ </> - a—jjoji] ^ — „j /'I 

^_jJi jUajj .^s- 5 ^ j£ J^> *~h^>- j£,<jA** lLU— JS" J j->- j^^*^^ J— -J 

Ampere's Law of V-^^ j j-s-^ jir*' 0 y^) p ^ 5 — ^ ^ 5 j^uli dbuS't s la J ^ 

. (Electromagnetism 
dAi- (B) ^^u^ ji^ ^ i^u^^ij ?Jt.S f i ^ dUij 

^ 5U-iSl dJiJ jl ajlj^JI JUjcu^I ^y^^) .(D^jl- 1 — ^» ^y^.y^ j^* jt-^. 
jLdl ^ (B) k -»Lij . (oi ^ii ^ Ubflj i ^o-Jai ^*L^^ jiwi ~ia 

J,Jjtll dJlLJi ia^j LajS* (r) Ja* •JsL^aj o ybj _jf*Jj ^JULJl ^ jli'l (I) 

.(A-*«J?Lili aJ lj,Ju^L4 ^J\i_j^S\ j'lj^I j'i^-I 4Jl5l«l L*^LL« *ija±>, ^»aii 
^jLLu < ai t Li* aIj.^.I,! aJ'aJ'i A-^^isLi^j ^^3l ^ysj^ ai ^jij jt-^^ 
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o^UJJ <4jLj| jLf *j f L» U Oli jL-o^Ijj . c?- 5 '-'. 4* f Li Jli ( jjr°0 OL^ Li J-;** 1 



B • ds = U()/enc, 



L5 ~i*Lui! JiU - B Ji* 

jLii. L# JS\ i±>. jii (Weber - jj-d^O ^ ^_a> - (Wb) 

.bUJ^s^l dJlLJi ^ jli) jLJl ^U, S L^JUj jbi^ djLLJl ^ yldJS ^L-il 
[James Clark Maxwell (183 1-1879) Jiy~^ SpS^^] ^jW^JS 



B-ds = Ho/ enc + 



d<r> ti 

dr 



; y& ^-1 ^^LisUj (J^^j a^UII cul i ipLv<5 



S 7 (3£ 

V xB = \i Q J + ,Li n £o— 



.^U^^xii jLxil jIjJL. - / Ji£ ^ 

[(Joseph Henry (1797-1878) l? u>j ^r] ^ ^S'l ^UJl ^ ^ ^Jl JlI' L-^ 

Jj iS^^-^.] j [(Michael Faraday (1791-1867) j-* Jr-v] J^./^ ^'j 

.[James Clark Maxwell 
J y>- ajI-u&LxJ. (Orsted — ^"y^i ij^j j ^^jaj: ..l_51> jlj 

ut ~£Li] ^ yiit ^kj^ 1 t[J eam Baptiste Biot (1774-1862) o— =jIj 
Sjlli aJL^! cijLJl ju L. 2U Jt A, [(Felix Savart (1791-1841) jliU 

[(459) *>Jl^> J&j\ - ^l^Ji Ll* ^ aJ U»U- >U-^u aJ c-j^ t_$JL5l j ] (jliU 

^ A^Uj-j (jt-»l 0 jili) V» fj^j Ajl Jj LjJfc OjLi^/i ^J-^rl ^y>j .4^iJ ( JJ? 
S 1 -?,,.; iJ^jIjL-^h ^yLf* — aJ'lc- otl a^j j — 4JLJ2J iJl^-«l ^-^jj c^ijLjJl j 

JuLojtil <j^IjL-J-1 ^\—^J^ a ULs-i LuLp s_>.iu«aj Ji A_ji 4iiXL-Jl jL—^ ^0 OwL^?-l j 
bAp aj jU-l) A-xLJl v^LLlil c*>L$LiJ JioS" LL-ojJ j^Vl o>>L^J^]I JsjuS 
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^5^- c(Qrsted ji ) *Jl y L. ^ £^i>l ^ _j ^ _/„ ^1 
L*jfe j oL^Vi 'jL^ Cji^ 3 . j$r> CfiLj*-? ijLib*- ^L^J ^j* ^j— ^njc 



Andre - Marie Ampere* quoted in James R. Hofmanns (Andre - Marie Ampere). 



. p ) . ( 1 80) '4 . ^LiUsA ij.^- (( . . . ^jj-j jb^)) < 1 1 



— 502 — 



UjoJ JU ^ ^ l$j O.J^_J JlS ^1 JJ^ jA^el\ _j OU^ ^ jtfV tl^L'L-I J ^U-l 

y ' ' ' 



»1 

Andre- Marie Ampere* quoted in Jaraes R. Hofmann's (Andre - Marie Ampere) 

[Andre -Marie Ampere (1775- 1836) ^S^U-^ul] j^i^yiji ^bj^UJL^ 
foJi») ^ t ^-JstJt^j ^^Ji <_j ^kJl 0 r~^j a_f-l y pLjjJ jj« ( 1825 ) f L_p J^Uo <_c JiJl j 
.Uj y> ^ (Lyon - yS) ^iku ^ y ( ^_j>jJi J^) (Poleyni 

(Pepbles - <^M0 ^ our ju«-b .> jjiM ^ .o ^ J^ 9 ^ Ji J-^ y 

James - ,j— . ^ (Michael O'Reilly - ^ — 5 jji J — -i^*)^ J_S" 

U^iJy> ^ *Jl'u! <lJp gfe 4_j yL*Jt ^LOUj ( ji^i ) >-\ (Welsh 

t l>- j (aJLj^^I jjtiU?) jl y*j (1909)^Lp ^ ^Jl 
joUiil j^bs-y^j^iljl js-gjj jX-ij^ j^laJUAsjjA^ OlJU -UJ)) 



4?jJ( j w ;UijUi j (Pepples - ^-U) .uu*=_->t &}t> lAsr 

^JLf- ^J<A*J jJ L» j , J *J 0 y*-^ ^j- 4 S^i-^ 4jJliii <LLu-Jl ^-ri ^ $ C.4— iLoj ^ * 

^ C~>wisl L» jU-^ SJuil AjLJ l^Laj J ^yji'l £ ^j^J 4*JL*^ (Jd*-^ <j-* v^JQj 

3L^Jj_§Jl <J^Lr Jad\ Sj'uS' ^ ^jjZS\ ^ ^Sj: t Ui tSJb-^Jl 4_JLJU3l o*l y~Jl J"}^ Lg^-oij 

h £ j& Li*ii 3l«j alb juJ'yj *>U5 <1a1 ^An ci^Ji viUJ ^p^. ^ ^ j 

o^p- 2Lx iLJl ^ ytj L$J tLj^iJij SuiLvA'^S j (Bourg — j *j ) 4-JUwt» ^ 

«*JJ %L»\£S\ A^~jS\ lc\ J$ £\ Ji jlS'<Ol 2L>-jjj t-dU 
.0 y*-P ^j- 4 IjLs- 2L^>UJ-I y- ^ ybj L*i ( JS" e \-=T_j c'-^r ^j^ 51 ! 

^1 Cj^ r LaIl ^ S-J^IS" aLJL- J,! ol^^S ^-Jl AjL^tjI Sj^Ij AjI^Cj ( j--oi) ^ ^g-lJ- 
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L^i ^1^^(1826)^^^^ 

Lj^^a^- 9.X<kX**Jj j 3^5" yLl 2Jb j^-^l fcUiJJ 4wsb ^Jl 2'^k> :\) <j Xj^j^ial) t .... 

.(Electromotive Force - emf - «y« u« y aJi kiudi * j-aii) 

^ ic&J j cjL ^JlJJ jjj ( J jv i» ^Ji ^ ( as yt^>l JUl /j_ j_JiJ 
i^JJl t^ljLipVi j£j L-Li tOL^jJl iUi *UI*J L~J AjJ^ J\ ^uVi 

^y'ybUi J ^b-Lkji) <dLL» ^ s — -S ^ jJt j (Maxwell - J-^-^-O 

2L J^Util SjlJJ w>b ^1 JbtJaJl dXL\^(^i)^i t<_-bS3l IJLa^. J jS/i *Jr\ 

C^Ul ^yi (j^-*0 t>\5 4 JW^ JiT* •01^'^ yf^jjij^. 

t_3 ^>.< U^jl j . Jj>-lj db4b j (^riijl ijU>.- b> lij c^/unJi U.^.ja.-t-.J b^^S" ^jjj LJ i_jib4 

5it>btil J ^ J,! iiU^I i^jJ jbJ 1-3^-^" jv^>o JJl Lei! isX^e i y-» ( 1 820) 

j aJLc-j . Lvg i ^■vjL»LLI j^^JLvJJ ^^^^jJi ^aL^Vuj ^jLjJI jLLbr.o ^iJl i«lXb laj^j 



— 505 — 



^jj? ^U^^-*" ti'- 5 L^***jIjJ ^jIp- o yS\ t^JUj JiLii^-l ^» c'u^lj sJ^=Li5i 3iL~Jj 

i,o\ jJb i^J^ <-£ ■ 4^>t^u2J Ls 1 OiS'j o > r 4 ^ f ' A^^ 4 40*^ (_£ b_j y 

JS" < Jb*=J aS! ^$1 a ii ^ o^j U^|S*^JU ^^JsVI j 3d ^1 Js- L_. LJIp ^ 

2s- ^il < v r J Sj-«l5'c.lj^>-i jl gt^T.Jj ii a>- (^wii ) ^j^i AJl5 . oL\C Lp A^j^J p is 

pJbJ ^Ip ^Ji5^P JJii .^'jJ-a * sAp-Lv-^ s_JlW Oj->j a^oLu (^J^Ui) dj'iai'y ^ 1p 

Ujijrjj L^JLki u ULp t^JJij [Leonard Euler C 1707-1 783) j-^y_ * jU ^J] 

. oJb5l j 2ulx£U «sj JLi yfci' 

4jLLi^ LiUrj t 2i ^a*^ (^) J J (James Hofmenn - f y^^^ r ^r)<Ji^»^ 

jij^l^jj £j 3 ^^Jp C— ^> y US' U;t JjLasJlj ^»ji*Jl Lgjbl 

ij il_ irtf^ii UJag- IA— i A^JJi SilsbJJ ^uJUtl A— ^ j ^Jl *— -« j— 
Vj ajkJtf^^Lp JljlaJi j^; Jl V j& ^1 ^gJUli b^*^aj i. ,rt^w O joL_aII 



XifCjb o^U-ij <Jli^J ^Ip (3^*^31 yVl c^Uj o 
tJ-*kJlj js^-*^' _J ^JjJtil ^ LblJaS , .Ji All jJ-S o JJS\ ^JQj Jjli . . . J*\53i ^Util <_Jl;Jj L_i 

CORPUS POETAVICM) 2L-jJ}UI JLJUaiil f 1 / OUkt^i J&?^ 

.(LATINORUM 

Catherine - Ljuj j_t a_jJUJi ^ * o^-^p J— ^* ^ jj-^i £ jj— ' 
.(1799) ftp ^ L^pr^j-; y ^ ^ — * }^ (Antoinette 

J^>o ji ^^^aii ^ j c (Jean - Jacqes - iSi*r - opr) oiUii l—^.l 

.<.*>L^ (1803)fU- JU t<^i ^ jwaJ ci^. ^jVj a*j sLJ-I oijl-ii^V 
^jUJJi jy« j»"y^pi I y*£y*a\ 3LL*jt5lj i;*JL*iii <JL?- J* (i5l>- — t jo r ) ( >;Vi 

^ (I c^jjl (^ v _;U O^JLU ) ^t^r -UU^ XjjVI OvPr JJJ ( 1 827) ^\-P j j 

a jt^J I ^IiJ o\5"j <tJL<LiJ L^-'J (j>- y°V) o^b^-Ui j^j>- j i jj jA ^\ jJ^jz* 




^v-J^Liil j ^Jb^^fCj! (_s-^- (1820s) £^bJt <j yiJl oL-Jj^^p Jt>U- ^ 

^r-jJj (jl JL*J L^s y*&>- \lij£j> b IaI.Aj LetS* <Jb>- ( jl^-»l) (_f£-'l l^J^j* ^ i<LJl~J^ f l ^ ^__1*U 

i_iLi^i5'l J| J_vs> y Jj> jl^ 5 Jb y$^15 ^iLi^fTb <ul <G!i ^ o^baip! c~j ^ 4_«-jij 

. a) 0ji^. L-p UJapIyp JbJj iijU <(*bW JO ^.lUI J*Il (^) 

(J jJl U-* ^jvai £ y^-o Is>li>-VI ( _ s ip l*jl <_r^ J"^' * W***^ ^-^J* 

0>Lj^J ^•yo <_£ ^^-iJ! jyS jLrf? t^-''" (1829) ^b?- Jv'bi- SvLi^ Ow! Oj < — &JG 

cJ\^j_jLs- 4jL^J <o>jV ^xJl j 2LJi o>! ,.,^? all <_-'lg^Jl ^ Jbt_^Jl 5^jL^« ^ a-L-jJ^i 

^Aiij ood>- ^^Ip (2) ( jl*Ji i j3) ( ^>^ <tt£-Ui o^bU jii? .(1820s) y*—^ ^y-^ 

.L§jLio-l Jl i jjLiil 

.(1836) j»lp jL5^-« «ijb SiJ ^ !» ^*J.i <Uj>-i alii y L^Jjb cLiS Jl 

SU^il ajIMi Sjl JA <j^U>- u^>-L^ (Lord Kelvin - ^iK" 150 ^ 



jiju Ji < Jl^-» Jj ^j-*^ j . jolSi j^J ^^j-j u i frSj (parasites) M-^ 1 OUujJi ^j>~if ^ ^ - leeches (21 
(Oral Sucker - ptJ-i) jj^-i ^ i^J .SjJu!i «ULi _ji 2j-0.uU.^i j (Annelida) s^^L-li 

*^L* ji^aj L*i" ii_^ : L >^ L^j jJlJUj V *jJj^ aJl?^ J ^ij ^JLii L^L* Jr*-* ^ ^* ^ $ i-*y icJu-Jfili ^l^Ji p — ^>t-| jj -y^-l-j 

.to j-u u ^» '■!;■-■ ?> sij ^ ^ ... ^l i^jr ^ iii^-jj (Hirudin "^-^^jt? 1 -^* ^c^-ji ) — j ^-Ji iaUvJ SjL_^ 

(^) 
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^Ls^J (Ampere - j^Vi) s^b-^ 

I ~L_i! 

.(Jiji £ jxS") ^ ^Ji Ji <u-J J**«i s^^'j ^-cA* (j ^ y. (EfFel 
IgL*. 2u^i v-*^ l-^" (Walsh - ^) j (O'Reilly - JL^i) 

a m its" j ^ ^.g.tfi'M Jb»- JL^ & y>*> ^v.j ../?jj^»UI j . . .(jwal 

^"yfc\fc AiUsiTV .uui (jUtt oii (1 '(Dominique Arago 



Dominique AragcK 1 786-1853) j Sijdi — -w^ui »r*_j a - Dominique Arago (!) 

a» jf cjii' .(^ jjiLL./^.) ^ ^--l^j ( <5 ^iij ^''ij [Francois Jean 
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tl>i-s-»Sfi (j^ijl ^jl^Ji ^tA^-l .'.-a jL^ ^^s- (jj <1)LC^ j iisbj ^.Ljt^o (jl 

(1) (Rosary - j ^j) S^U* cJl^i *Js Ji £\ JL* 



Dameol. Olivier. Electrodynamics from Ampere to Einstein (New York: 
Oxford University Press, Mm). 

Hofniann. .lames. Andre-\lanc Ampere; Enhghwiunwu and Electrodynamics 
(New York: Cambridge University Press. 

James, loan, Remarkable Phvucixts: from Galileo to Yukawa (New York: 
Camhridne University Press. 2004). 

Maxwell. James Clerk. A Treatise on Electricity ami Magnetism. (London: 
Macmillan. IS73). 

O'Reilly. Michael, and lames Walsh. Makers of Electricity |\ew York: 
Pnrdham University Press. 1V09) 

Williams. L. I'earee. "Andre-Marie Ampere." in Dictionary oj Scientific Hmg- 
raptix. Charier. Oillispie. editor-in-chief ( New York: Charles berihner's Sons. | l >7()>. 



*,U.) ^yJJ ^^--p j*>i! (iss^tj^tju^-L? f>U* iS^ytS >j — ? ^-^ - Rosary Based Prayers { 1) 
jLs- j. jLJI j>it ^ t (Pius V ^li-l .j-^) L.U1 ^1 LjO>. jl .^Vij (f%Jl L^k.) *l jJLJl J jdS (f^L— Jl 

Pope — J <H O ^) IjLii tl— Jr ^s**" ^J""^ <^ ^* J ' 1 ' ^--" v ^j* l—^" cJJ>j *^ t}^^*^ j' l _r~* J ' (j— * 

.(^jii). i*Ut ^ <-*Jbs* <tj ^L*. jij^JJij (John Paul II 
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■b-W j&J -'^r-JJ Jr^JJ Js*^ - <fc-j-i>jJ ^iJbj<uU J-s* If j - ^ <te>w? ^ ^o^-l JAy 

bJb.i)b»j iC^b^iJ-liU^tjtJlAoJxJ j()4A^&Jd1^JU>^b*^^jAjl^.i)Lft 

diJi ^wasJ AiiUbl ji . . .SopAall (t iU; t j ; _»^*sJ *JUp jl jxll lift Jl <usb^i?t ^^fU Ujb i3Uft ol 

. L>- OL-J^I ^b b . . . 0 jiLSSl 

James Gleickc Genius. Life & Science of Richard Feynnan 
quoting Richard Feynman's The Character of Physical Law 

.^ajJuI (^bb^It Jj^jLdlt oLlus) oLIS^c (^JL^^LuIjj ^Lcj 3U> i <£ji«II } 4jb£ bill ^yi 
^» j-Ji j^Ji biLLla ol— j Jj-b- jb^V I jd-i^-i'ib-U* b^J b_^?b- 0 0? 

. SJb-Lc- i jdP Jjj*^ 1 ^ j-* Q j— ilfl ^ya J)^"* it! j\ . . . 3* jlflj Obil b» < w ..AVf>r.» — bjL»-1 — t_J ^tr 1,1 

OjjS C-frb?^ Ji C— its' - * jJi bjJbfjjWj^sJl -ijjJliUv^laJl 0? bJ A5"y L*bi t ^_=H SJLfl^-lj 

.Iftjl^j^ 

* JJ ^ y 

Tom Siegfried. (A Great Unravding). New York Time Book Review. September 17.2006. 

j ^.flojflT JU^b! ^JUs—ji ^ft ^JLSl ft! j&\ tjfu'jb i3b» 01 t#k • 
^ dliV jba* 5JLya*»- Sib j ^ U^w ^fj* Satis- V 3jb*s-)l ^^Ip bli ^1 J\ dliiljl -bj 



Jl - ^ j - U$bU ^ J_^> ja-, U»- dlitf (kjl ^bAil) JliJl j J Jfci jilSlt J* 
Jay Ingram. The Barmaid's Brain and Other Strange Tales from Science. 

.(l£j^t 2UJ^£ S-c»tc jninftj JjLJl ,Jic- ) AjliS ^ i ?iti~rt4 

^ jjTf (Si) jlJLi* JLpj 0 jiltt i .*t>^l ^ ( 120 5 jJJO J| ( 10) j-. j 
Paul Daviesi Laying Down the Laws< New Scientist. 
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OHM ' LAW OF ELECTRICITY 
1827<LuWi 3§£ 

uljJ jjLm 

£J\jL\ a— {L-JN J-s-i^. Uj-J15j ((ROWLAND'S LAW) Oj-iU 
^l^i J^^^^o^J^ c(POISEUILLE'S LAW OF FLUID FLOW) 
J.i^i'L. *5j"5Ar -sr j ^(FOURIER'S LAW OF HEAT CONDUCTION) 
JUc-Jj t(HEMPHRY DAVY) ^ j ((JAMES CLERK MAXWELL) 

J, yj. aL'Uj ((JOSEPH HENRY) iS J-^> ^ j ^3 c(ISAAC NEWTON) j-j^J 

.(THE BERNOULLI FAMILY) 

1827 ^ L AMri 

Lodwick) dU^j]^ jJL*jl jliSfl (J ^^i^^l^JS'4^1oAA ( y ^y- 

. (William Black) ^ JUJ) c£>^ ^LiJl 3 (Von BETHOVEN 
bx^U (Ohio)^Lftjtj (Baltimore) jy-^sL. Jods- J_jl; jgj&jL-^yf- 
JUl ^Uj^- JS* ^jlJJ cuplk^-i ^ L_$p y ^ J _jSfl (B & O) S.L_>-I j 2lS j& 
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tl§x»jLL. Lf k^ V$A& AkL~ii (The Electromotive Force - 4*iijJt 



I - V/R 



aJL*« a_5*w?j 0.5 (1827) f Lp ^ 4_JLi^S"l ^JJl (^ jf) j j JlS c^Ji -L_iJ 

<L_p yizj> j a_ JL 3 «JIS vJL— ^ iii <^j^ >ti5i ^j— 4 ^ c-i\__>Jlo ^ Lpj 

^ j] i i<>y> (A A bUii 4 ^Jff y \ <Sj Jl d! J **** LS -^«i j ll ^ 

~G (j^Ulj (Potential Difference - V) LS -$^. J — s^- 1 ^y— * 2 *^ 5 — 

(jJ^ (Electromotive Force) jJl 5 jl jJU jt a^J _^iJ! jLU£. Lijj 

aJ">U- jlit (D^yb y^Ji J 1 -^ jji (cJyii o-b- ^r-Aftil j) cdXL* AjL^J ^j-^ 

0 ^ail A^~JLi JpUxp-VI dXLJ! jjJi a» jUU A_^*J AipUi« jji aJpj . Lit)] <^Ji__pLiaXl^ 

Jam c\ ^\ A_Laj^i UsjI ^ j jlA\ ^L^^l jL_^l J _fr_j A—Sb- ^ AtaUil oj_» j—JLjJj 

I J\s >^j>jv2J ^As- b jili) J-Jaij Jliil ^gUi . L_$Ji jJt^. A-^Uii o>L_)^UxJl 
^Iui5^ti«ul (AC Current taji* j$)4J{jj$£}\ A*iljJl L^J j$ j-v^z-* o_^j aJL^^S' 
[Root Mean Square (rms] ^.fii 3^ J^^. J*?* 3 (1= V/R) Oj-JlSJl c^i 2 
(AC) ^3 J±\ J^.ji&\ jL^l <^>^j .(I) 3 (V) V 1 ^ s ^ J^ 3 

yS\ yS jli ^'j^ ^j^o •L$ J . jL-^^ J*' i3*^ >^ (Sinusoidal) ^ ^:;^» 

^^ip (AIpL-^5 SjIpI ^L*j)^»j) j J;;^" Ui^OT t ^'"!>^J JjtlSl SiU^Uj A**oLS ^ all; j 



y>i j^kii ^ l^pri y (Magnetomotive Forces) a^J^Liii 5*^jJi ^ _j_jJi 
JliLi JUi .i^u. A^Jb\^ i J -j\$ l y<^ (Magnetic Flux) Uiii 



mmf = Ofl 



01 jlJjiJ LF _^J 3 Uiii J-iJ-1 J—* jIjljl. (Reluctance - jUil) - H j 

^jIp (^ jl j y IS) (J^Jaj Jv. l ~* OM t^j'W <— 2*>b?-! 3 yj>: j ys> L» ojLi^i ^ *f j 

l^lp j^iit ^^^JjUiii ^.Jioiii cjI _^-Jd SiL-* (Reluctance) 
(mmf = Ofl) JLiLJi a5*>uii ^ J*^. ^AJi ^.Vi ci^J^U- d}-& y4) 

Jl 4iii5i (R) 2l* jlili Jiwbi ^ ( V=IR) jjL-Ji ^j' o y is ji-^i tJUiL^i V^.j-^" 

jJ>Cj jJt£ ( ) a 0>jLa^i 
c(*i)L J ->x$''y l^uij jbta jl JjLo ^* ^_»Ji?LL*i! { j i aJi}\ Sili5" ji^Li-a ^jjcs ^J^lJ- 1 « 

.uVjj ^Ja^-i-jl <Sj^-*] ^ Jl ^-^j (Rowland's Law - -^^jj 0>Jl5) 
apt^Vi j_T ^ ^ J_^U-i j [Henry Augustus Rowland (1848-1901) 
^> <_c jJi^ a-^j^Sfi (Johns Hopkins) >^.y> > _pr ^ W ^W.;-^ 1 ,J J 
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fri j^Ii ^ yjsS\ kjuJ-i oy. (Sound Pressure) '^y^\ -^U- ^ii cjaJi -kija5i 
S^ij (Particle Velocity) *-Jlij>- j| (Acoustic Impedance) 

j^ib jJUi ujj^ j^b (j^ljo .(Sound Intensity) c^-Ji 

jj ^« oL*f! ^ ^.y^ LL»S ^J,S ^ el J ^li^>- Hpjv*' — cl J*^A>- &yjL*Ji 4— J ^..rgil 

^ dUi t j o y ^ ^L-*^ ^^u-j u Uip <^JUi (Conductor 

.aJ ^jp (^xi jjii! j'l) 'tJ\j_j^3\ ixatJtJi S jiJl ^LS^^u ^JU^^xS! 3 yljJ!^ j>j_?JJ 
Jl£ ^U-Vi LfU^ <(Conducors) y $\y :(Ressitors) oL-jUlu 

^ ^ . ib j^JS Uoj *>Lf ^» (^ji o 20 ^ y Lis—j,* 20 -5j-l>- (^JLe- 4__4^1l») 

(^ji— ^Jai j{— ^1— ii j^) J II-? j Jij .(^_jl ^ jJLi!) ^LwiiVl S^Li L^Lt^ Sij^i^ v!j!jjU*>15! 

.Ojl jj-l jj^ 4 ^LjIaj SJ^LaX* CjLjXo^j Ll>- ^-^•Ij ^r^J j jJLSJi liUj) L^LlaJ ^j-**^ 

Ji^^X* iij-MS" Lr -~->r] ^Jli^'^L-Vl er- 5 ^' JT /jJb ^jJLl ^ j 

,W j^r] ^%<^y\ ^\ j [James Clerk Maxwell (1831-1 879) 
^ (^ji o yii) oLJi ^ L_i>-V [George Chiystal (1851-1911) 



y j ^L^NI L^ib (Ohmic Meterials - v ^0 ji ^ 

Jx£ V 4^_jLLJLi (R=V/l)-> 4_»%t5! d)i ^im^Vi U^Cc aJx-_j c3ub" aJa^- a_£>U 

(l^Jjot^) ^ jw£>- ^U- TtX^u-uJ cipLxpl fl'Ui»J ^J. ^ jlil jL^-i V^.j-fr^ 3L*ii^vJl 

:>.ap jli Ls» *jL" > " ^"j- 5 *(J_^j <^ — ix>-l f>£ y ^ 

^ll ^iiLJl aiL. CjLjj^>-j ^^j-ij a^Jbtlll LgjLaUL?./gi aj^xIj Silf-^lj Jj>-ljuil LgJli%« jji 

Quantum <Sl\ iSv—ji^L*) ic$L* JpUS'jLoio ^ * 



J-\ obrj^ Js- i-jUi! I ^u^V u^woU ^ p\ Jxiib (Mechanics 
R=(L/A) x p = (LM) x p 0 [g(7-- T 0 ) + 1]. 

^LiSl L§-L* ^j^-J V'- 1 -^ *j' ^Tj- 5, <^ " To J 

Resistivity p ) - '^^\A\ aJLu j**,, Jj> J> ydJ oU_4 J 7 J £>.! j) 



.(■>! *it (Temperature Coefficients oc - Sjl ^"^UU^) j 



Material 


Resistivity p Temperature Coefficient 
BX20°C<Qm «at20 o C<per°C) 




Silver 


i.6xi (r s 


3.8X10' 3 




Copper 


1.7X10" 8 


3.9X10" 3 




Aluminum 


2.8xl0- ? 


3.9X10" 3 




Tungsten 


5.5X10- 8 


4.5X10" 3 




Iron 


10xl(T s 


5.0x1 0" 3 




Lead 


22x1 0" s 


4.3X10" 5 




Mercury 


96x1 (T 8 


0.9xl0~ 3 




Carbon 


3.500xl0- s 


-0.5X10" 5 




Germanium 


0.45 


-48xl 0- 3 




Silicon 


640 


-75X10" 3 




Wood 


10 s to 10 1 " 






Glass 


10'° to 10 14 






Hard rubber 


I0 i3 to 10 1 * 







,Aj- -LLP (i ^jLus) Ajlj ^Sjl l^LajUL* 4»o~J iJ_J A*lL^2X\ ^ 1} ? =r y> 



:[Tc( Its Critical Temperature) - *>-/5-' L^jl ^ — ; Sjl^ a^j^ 
(Superconductivity - j-SUil J-^= j^O « oJl» ^Ip j— lk> j 



Jbr.^i diU £1^ . (Heike Kamerlingh Ones) ( 1 926- 1 853 ) j_i y 

j j ^1 41a jUL* jlwSj ; aJLi^ g^ii (3^^ ) ^ ^li,"^ t g ?tw2J ^ t\\ 

Jl4 .^jilS* ^llk* y>- i^rj^ (1.2) cL«U 5 i yi^s aJ*^ L5 _Jb jr p3i jL_Jl 

.c-ii oi {^^S\ J (Quantum Mechanics 

c( Superconductivity) ^Lj^^UJ^ ^ y\\ o->U J^>- j jJA 

*jbS" Ji (Antony Anderson ov-— j^i J, ^) ^ tW- 5 ^-M » j 1 

(Ohm - f Jl>- £-51 y a*5_jJj (o— ~^*. - ^) ^/ ^-j^ 
5J li» j iJl; OlS' J^ju^Jl OtJUllj OLS'lll £ro«r 

iUS (^^i^j i 5ka.b j^l y *»JU jJ j UJp jyJ-l ^ j 

SjAkl'ilj lA-w j^Li^jVl (^pflii OIjjLp L_^> ^j 5 *"' ^Jjj^ 
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j&\ aJikdl 5u_jLL. ^Ip j tAJLi^LU (Nad waJ^ Uj yS") ^.L^*yi 

(fji 1000) <_^Vl ^ jISJ V <^Lici v'^y^' M 1 -^ 1 dr*c^ ^ ^J- 

. ji 500000 ^i)^*^ 5ju — J-i vj'Li L« 

~ cfjy -u-^ J^Cr 8 f- 1 —^ 5 a ^ 'c^^.y^ 1 c^^ 1 

(Mic healS. Morse 



.((tJt- «^S/ LgJ 5-.^ ^LSiV* ^ LjJLiij (Myocardiac Fibritation) aJLs^ 1 
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^ 1 (H) 3^*1$ j if (Starke - jb*-) Ij> <y <j jS* ^ii 
oU> jfi juuJl ^ lsil (Wiechert - j) -uJi ^^^Uaj 4 c-*i -U))) 

^iJlpfft 5JU«; f Lill JJS j^l^liai^lAj^li^j^ttdlf ^Jjf jttS'tliJi _fr j 

200) 0^ — j lfcUJj»- j« JlUrl ^olUi^^liikaiiUjlia jlJAa^Ui LUi 
J 40)^1 f U ^1 M^oJT yw-Ull JUJLI J L. 1 Jlftj Jaai f j! (250 j 

Ojlk^lj jbxJl O-S^ jt ^j-^j^ y~ <Ju\jL* jL^Ol /^!>^i _j ^jSH A_J ^klil 

oJjti) ^jjjJi <*jL*J- ^ t^*;:^^ jL*Jl * AjLiLJ^j Ja iJl ^juL^aj ^jJLi ^, isytS 

JLOwj ,C->ljLl5l [ju 4jj ^>^l..^" s yi iZ-'">\_!lS' i Ji-4 oLil i*«L~J-) oj^>-^'l ^-JsjiJ 

s^>-1 ^-^.^Jj ^1 *r JJii aJ-^j ^ aJL* £-"^1 ^ ^.^15" 

j^sJ^ Al*>L*jt5l LJL)^5' l^JLv<stjl ij^i ^ ^J^r^ . L^x5Ls- a 

,,iJ^jJ i>-U-i tUa^l a^p j ,_LbJl JTlkll ^ L^^L*- j& o^U jLdi 

(Poiseuille 's Law of Fluid Flow - ^Ji jHoijjA- Je — .j> J^--*- 4 ^-^0 




«L)Li^ LojT c(2LJL» j^53l 2k*jljJi a j a\\ Ji ^ 1p ^-*>) AjLL^ ^J^l ^ ^Jlll 1? 

.*ii?L«j ^Jj l y*£> oi -AjV ^ LS *i <_?i O^j -L^m ^e-^-lj ^Laxpi — 
George Ohm. quotel in Kenneth Canev (George Ohm) 

^^Ip Jui^^j j ^Jj^jj\ 4jL>- J) ilii j ajwaij ^3 L*l jo>-l j 
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aA* ^^U- ^ijj L» LjjIj LLoL* Ui> j lol* LJU- IjL* ^fpu <j: JJt jwaiji ^;i^aJi j yLi5i ^fJJi 

*Jy.u ^ ^jS/l 

Thomas Lockwood. 1891 preface to Ohm's (The Galvanic Circuit Investigeted 
Mathmatically) 



George Johann)( 1854- 1787) r y oL_*y CJ j_^] jUty^Lj^ jJ. 
^ 2u jiiii Sa^j aJU ^rfSCii aa^ijJi o jiii ^aSLufl>- J y>- s y*lJi aJUjj'Li j>§-^i j [Ohm 
(Bavaria) UjUi ^^/^ (Erlangen - jj) oju ^ t ytp^^xJi yl yJi 

Johann - 01* jj) jbiVi jL^i*Vi ^jL^ i ^jJ j eUil Ll^i j y ) ots* 

t__^Sl 1 yfcU Li y~ OlS^JUl jJi jJi ^y*- Al] .(i^Jj-J)*!^ j cSSliJ L_^i 
^J^bWs^y* iJLoJ o^-l oy-ojL« ^jy-o j— aJjLc- ^gbj ((J. yy. *JjL*j) (^jl SJLSIp) iijLLa 

^ Va, ^ j t(Erlangan - ^^j!> *^ J ( 1 805) f U- ^ (f jf ) J* >Ji 

Ail 
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y V J_>- L^J (J^d) ^ jjjj ii y ( _ g U- 0 y^-!_J 4j.1pL~* 

Siiji-Vi JLp *jf3£. ifei^^i .(GosttstadtbeiNydau- jU-j ^ cjL^b'yS') 

oy yUjj S^>U>-1 A^ulji y-^ *j ,"]>L*-j.- A>-j Lais' LJ\i (j^lw^L^i ^ j—ip^yo 

JaJe>\ JiJ .Uajh g ,i o^lii ^ I ^L^A-jdJ^Jij i(181 DfLp ^ o-L^JsL. y 1 ! 
<hj6 ^Ojy j6\ jJ>\ O-ISj-JaJ Josh jlA* Ast\J~\ Oj\ S^j^SY* ^ J^" j') 
^>lp to! jJLjj O'^j wUij yla./j| ^X>- <Lst*Li-1 ^ya LjajL*^ jlS' ^xJl <LjJlJkl wjij yJ 1 y^ai 

jiwU l>-a>-! ^ ^ iS'l j ^^UaJS «i yu^ojiZui^j J^iyS'y Jy_J ^,1(1813) 
y^ij ,(_cy>-i a^jjj j y>-\ t5 I* J j+aJ-\<j 4^ t5 iJ ^ c(Bamberg - i^L.)^^ 

.(1816)^^ Ifalp f _ ( y a - j2 - 4 (J^ - *"* J-^ ^ <j ^ J- u J-**! 

^'L^Ll yj ^ jJU "iSiJp J { _ J lp 4jy*a>- J.1 J-*^ ^yP yjl (1817) j»L_*Jl j 

-u3_* t( Cologne - o$>£) ^ .j^j^Ji ajjji o^i ^ ^ ^ t b 
^ ^*>UJI ^ L^.yL ^^JUJi j ^U5l jl VI tl^j J^o" 

^^lil A^aJ^Jjj ^g—ufi^Juil y<Ji5 y^JLij . 1 (^ji ) i y>-j 't>Js J*>1>- J*^ >t-o^?Vl 

CjUw^sby 1 ! s-Uip jtysH A4oL^^ 3fl y&\^ Jwt^l ^ <sJli^i SilS" J^LfcX^ 

aJU-a» ^ j5) s di^" j y^ (Kenneth Caneva - LLi^ i^^) 

: ( ^ s Jj L» (S^JlAil tLJLiJl ^>ou) ^.taJ) (_i5yll ^ys 



gA\jJJlSj£j -Xii^- tAgJ U Jl A?lUIa? * J A?- joJs A^-j \X» ^ j J\ 

a-U i. u&is j ^jJUJt ^jifi Ji yJUi ; US' aSui ^ h\ y^i\ jfi ^Ui ^tsvit j 

a)^ j*^UU UJ L— i^Jj&O^ i^jl^lioUl^j^ASi^jS*- lAlUtc^jsJlj 

Ujlj U,sj tt>o jtfT a5j (1825)(*'-c- ^ aJ o^>o Jji^^ (^ ji)^SC<o 

— A^^-J^Liil A*iijJl o flJi ) ,AJ J A ; jLS'c-'LjI Jt \ g ^*>^->- ^ Us* <_e^i AvUt-l 4— >jl>- 

ijjji ^iXJLJi J Jb iij US' Ji; ji L$J «j» s Sj ^JlL ^ (Electromagnetic Force 

iLaIP-*yi J) L« jj «U*>-b>- ji ^I>- b&jl^aij A. r ..-^?l^ib (^j') JJii ,<(J j>- C j jSo 

j^P 0 A] y" A^v^JsLiil A*iljJt 3 j_l5! i^^L^j ji ! \^s> y> ^JLLj ^ jli! jL^I oi 

^^L. J) jU^Jl j j^. i£\ U^x^5 jSjc^jcj 1 v» t v r 5^c(1826)^lc- ^j .Jv jit 
(Fourier - a—jj y) ^ iU Ji j>Ui^Vb a_ju y^xii y& ^ i _ r ^ 

^ 4j jj 15 J 

0>KU^-1) f j—jii AjbS* ^ Ij^l- (^» ji jjilS) ^^Ji (1827)^ ^j \ Ji ->-\^ 

Die Galvanische Kette; Mathematisch - 5_Jb j-Jij-tU 

joi yii j ^-^j V'-! ^rf^' v (j^*^ w ^ ^ (Bearbeitet 

cJ-* j? 2u^sLi ^1 ^^Vl j jlS" d^wl. j t5i ydl J_ U-l LU 5JL»UtJl 

Ji j^j uj (Gustav KirchhofF- ^> / jS") jiiVi ^Wj^ j ^r-^^ 1 

_^J^ jL=Jl SUS'^Lj ^ ^ AJl j (^ j? o ylS) j^l; ^ jJ! Jj *-> j jA\ by LSJl ^> j 
aidl ^Ss^JfJ^ aW ll (V) V 1 ! j^ 11 5 ^ ^* U aJU* aila J*>U jdl j (I) (t >-U 



iii^U-I ^ I j}}£* Ji _jsSi vij*j_j as olS" (Hamphry Davy 
V| ~ j 1— ^ U y <-3Li^S'! a>a>- j y IS 4jl (J Jp <uAS L»j ji) 

*-wvi?bj A^JjxJJ (_Jiil^ ^xL« (_ -J _J~»lj l — ^ V*"^ 

<U(S^^J j^jbjli^-l j *j y UL5^_ftJLjj aj ajjv?1*-« (jLizjul t i \jA (^jL )^LJl jAJL JiiJ 

oL>b ^it \>>\sJ^\ — J**^ <j^" ^ j (Colonge - j_J jS) (j^t- y>~& 
j& a^ ; ^ii Ji Llip Up l5 ^JIj lujlsUp o^^ui .(1828) 2LjliJ _j l$i 

V j ftld j-fii' J J cue. V jji^-l ^jsi* L^4«-i lJLg*r Ai JaxJI Lie> jOju V)) 

.(((^ail^jii^l 

Cil>- j^il Axw^liil aS ^kii ajIxj:. cJLi' ( _ 5 xi! j tJ./aiSi a^U5" JlS ^Lii ^LliVi ^*^i ^ 

* # * * 

£w«-><jij!j iJlji^lJiij SiUs^aJ^ j-Uil li^jliL^iOl) ^JLp/jIpI t ^o- kiiJij a>-jxJsj 



^ aJu>*jI_j <;ui j.> Lai_j Jj_j :(Nurenberg - £j9 j y) ^a* j dl-^J^Ji 

^j! •> yJLpjjuiil ^JLWl ^ tJUS f jb .jlWl v- 1 £ 

-u^pIj c^JUpI ^jJp (Joseph Henry (1878-1797) <Jj^-*> ^-hj^r) c-~-Ji 

^ ^> yt; Lg-oL-Jt^ ^JUii L^sjj v il?;lL <_j1^p| Ui L^j t_^>tpi Ji^ *L'L» ^oIp S y ii> — (J^o 

' t 4 ' 

Lgi^U- JiLp ^Ij ;<uL>- ^ loWhW l y\\ a JL±i\ vJJj" JjtJ (Ij^-l 4jL>njij (^_J^) (J^-»P' 

jS' Sj!jLu«)u aLwJ.1 ^^^i V^-^ AfiOX.viiJij 4^~Al j^i-P b \j j* 

JJ ^ d% LpiJb.i *Ju^L j cLii> *> dt\ >l_p^i ( 1 8 1 1 ) r Lp j dUi j (Copley - 

a^i^-io-UL-Iij^^Vl Ji (fy)fl^iJiJi(1843)f»Lp ^ 
^ j^jJ cdJlii j'L^V *kj* ^ c^UiJi ^ ^1 jdS ji_J*il UlJJI 5\jS 
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( 1 849- 1 805) iL~» } ) ^b^Jl JJ ^ 3 -V* ,y 3 

.° '(August Seebeck 

.(Munich - ^L^i ^^ili^^i ^^4^^.^^4(1852) 

t UL<Ji ^ j^>^) v^cr* h^--^ J? (Keneth Caneva - Jl^) c^i- 

■uHiij a jl&t 5*J? ^ II SLjalVl ^ tfr. ^ (f ji) V' 1 j**^ ^ -^)) 

.(lju>-ij o j! JjLa 4;dL/sj (J^j L« ijLJ i(iJi_j>-lj 1x5 ^s) b&jljJL» 
js^Jj tAJaJV* (O- jSfl) yM oJotol^ c>->^ (f ^) 

S^l Jl 0^^)10] fjll^l ) [CI (<_~*f>J I y^p)10] f jl jJ>3i _J f ^Sfl «i»Llb-_j 



ij^j *_-uVi i-**Jij ^-Ijj >Ji ijy* J ij^Li! f (Technische University Dresden) L^jJySolJ 

(Helmholtz - j**L») j (Ohm - f jl) jiSil <uu-M s-J* ^ ^r-^' ^ > .o^-aJi 

.(«^»r .^->br J?!^ (Fourier - '^>jy) j <fa* UJ jJ LitS jiJJJt 
t L^tyi iiis; ^.bjikJi j*. oi^Ut j^-li jLJi j (^i.3.j) ^» 3-i*JJ 5>5i - Galvanic Electricity (2) 
Dyii — ^.ijJ_^U) i— ejJ _j j3i$U j ^ — iJt i>yJ-i j (Tliermal Couples) s_jj» j3jii sJa^i _^ ji 

jiU^jJi JOw^i Jkj^^ ) '[(Luigi Galvani (1737- 1798 - J&\S ^ji] J.J 5_^3 v j j .(mos 

jj. ^j'jjaji iiiiJ ^.y^it^y^-i .-iL^i ( 1 77 1 ) f is- ^ ^J^^ _) ( Bologna - '— ; i-^-u ^ 

^—o j i(Bioelectricity - ^ y^'n) ^ j£ '*} j-^~> L-s— 

.(^ JX\) .Ls-^l 3uij jl ',y\ (JjS Lji»Ju-i 5-!j3j ^l.^aJl ^sLalij ^—ajjl jUj^l JUiij _jJ 
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f ^ (Rollo Appleyerd - sjUj.i ^jj) V'^ *_Jts' jiJ 

Uli j^JlSJLi. Jljt^SJI jJijJl OUlk4l cJUf -tft ciJLfti! j tliftOkLi^l UpI* 
j*J I JLUu ^ j J> ^JLflj y-L" J* i Jju l^wli ^Li jl ^sl 1 y I j JkJl (JliiJilj J— ^_»sll 

j£i ^ i/iiJ j JJWJ jSL> J-«r flk JiV^ 1 ^J*J tf^yl' ^Ji'cJi^! 
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S^l y-l diliaJl 0 j j j t iUo jtfll LJ syjJ ^JUl ^'b S-tfti f L_*> 01 ^ ^r^J 

Sjbwu ^aLigb(Cg...^>L^gU t Jill* j—Jj 4<jbM ijjiaj- ja li^j j . ..^1 
SpI^ JLp V j AilS"^ 5ii ^ 5 jia--.' aJ A* (I d-^w cl '(0 j-^ jUl^U* 01 — i*tfl i 
yijll 3jujs js-* $j .\ia- IUb i» jUll u^Iaa* Ail lilli JS* JL. .<USbl 
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(Tremor - i J~s*}\)j. Lp^Ji ^ lp w»Uaii ^U> a.. .„ . r .c- :Parkinson's Disease - Parkinsonism { 1) 

Po -) wLaiW j a^Jl j! ^ jlc-_j 4 ( Muscular Rigidity) ^~%&i\^-L J £ i ((Hypokinesia) L ij^' l l y- t 'JJ 
SwsjVi^Ij-SMj' i^j^i\jejuj i ^sA jj-^jf-^ jit* i^s-s^-iJ j ij^-xi. '—^L— i .(tural Instability 
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y&\ si jL-o jf (V OC ]) jLJl £o Ls) jili s_wjU; jAj ^Jl a* US' j\ ./tr,^^ JbJLJo dLwiil 
^1 ja^l ^bj^l j ^Uli Jl dUi J J^iJl ij« Iclj . (V = lR) ;L=)1 ^ jv? 

(j*^) gUa^i ^aJi t [Gustav KirchhorT ( 1 824-1887) J> #s> / J>^-> /] 

I^JlC- ^^ilsl j V| O'U iniii 5 jS jLj iajy Sja^ 4i*^P ^1 -tfJU» ^Ji {O.S^*>£ j jl) 

Robert M. Eisberg and Lawrence S. Lernen (PhysieS). 

J> (Andrei Linde -<j-^ ^j-^b i* -«iko j^>jej- jju u*.a • 

..al j_*> UPAJb^laij SJbj^iJlAiJl jorjj<U»LSy LSI j_J^ oiis*^ (XU)1 aJI$£)UIj) 
Jl^-I Jl U-^jiif JaijiO? -Lakw — U-As- j=— «j V' ci*bVl V-^ «JL» j*— 0^1 j 
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Peter Pesio (Bell & the Buzzer. On the Meaning of Science) Daedalus f Fall 2003 
^ { Lai* LxJ* U^ili ^1 )y^\ 4£*aJtl$JW Jj ^^^x-laJl OylaJl) ^L^- ^1 J»I • 

4j i^A-va*- JjS'Ojili^iOUo Jl&Ot jSo:^ (iitOI ...Jii5-Up5jUy .4^dLjaJ^l^J 
^ j J, OliJU U*l^-1 JU» l#»w9 ^jSU\j ^SLflj^ (k * j£ j } \*s* ^ 

^^fj^OldLU !^ jt^ljS^j J^^j UJl OjT ^Jl "u*)L« £r<w>iJ c^^l 

Naw Scientist (Editorial. Breaking the Laws)< April 29<2006 

. .(JJaJi i»U»j) . .(Dysan Freeman -jt-J 

iSLitCj* jiaj) vJLto a.,,, .. (ju ^ (Heisenberg - jy >*) pt* US' SJU>L» 5 
oul — Li j-As* (Godel - Ja _t-0 <uj *Ur l_o jf . (Quentum Mechanics - 

Andrei - <J j jU— » ^j-u\) j (Galilio - ^JLJi<o J*i us* ( i_^L-Ji t^Qi j i-y-tfi ^ j ^Ji 
^ oij Wj* j* &~r^*> ti^iiltejj) ^^>i\ ^ o V dJi j ; . . . ( Sakharo v 
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Geerge Hohnson. (Dancing with the Stars) New York Times Book Review 

A^-l j\JU&a ^a^J&Jl 'UJi ^ i-JUJl A^AmII Oj . . . Ifc jv*J l^^L>w 0^ slJU V & jUo A-J j 

g&\ ^ )\ jtsl U jSi j( lUS Li^t to til . .LgJbt J jJLl-l j IgJl i, - ..^ vUL 

(^JUIl ^ jL. fy) £U1 VI jJ- J* . Ot_^ yi]^ (SJS 1^1) *l JU»Sf1 dUL" ^ yj y& gT-Ut 

.^jjj ijAU 4jii (Scientific Mehtod) 

Robert Pirsig< (Zen and the Art of Motorcycle Maintenance) 
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GRAHAM ' S LAW OF EFFUSION 
1829! 10550^1^^ 

uljJ jjLm 

^(MICHAEL FARADAY) <^bl^ J-i*. 3 c(JOHN D ALTON) j ^ 
oljUOJ jjMSyii Oj-JISj c(JOHANN DOBEREINER) <jU^ 

.(AVOGADRO'S GAS LAW) 
1829 jrf 

William - ^ y. ^) $ J a-^^i ^J^ 1 Stl y. J ^ c~>^ - 

.(Typographer) p—i ^ l$-lp -^,jjk^ *>Vj ^ (Burt 



R M : 



.J jVi jlili (Molar Mass) ^uii aJb&i - M t j 
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jliJJ (Molar Mass) ^Ui aJLx^Ji - M 2 j 
.(Diffusion - jUidVi) j (Effusion - J&di) J (f ui j jis jjkj 

^jIp A^kJl; (_£ ^_J^^i t<J^>ljlili ( j 9^ j yli) ~ j t^LLi^l ,j— 4 

i— iJ^jJ l^P L LJ ip iJlA c-ls-l pl\ (Moles) A-jjL*JS jl JjVI ^L_P 

j y is ) J*-*l. ^ (Moles) ^ jL*Ji j jVi ^*JL*5i ^y*!! ^ joj <juyw a-^i J 

(L.) jU ojIl^ L^or J ( _ £ =J1 aJ^Ji L_^L (Effusion) jibJl S ylk ^^-^o 

5lp juj JiL^i aJjU j ^Sjl^j *>L_b> (Oi^ ^jwL^JlS") ijL>- SjLiiU S—J^L) jl j jVI ^-3 
LgJ j <J>jVf ^ 3"* "' <^X^J ^ij^ ^jj^i t _ s : ^ !^JUj £j» p— Si 

JuS' /-\ 215UJI ^ <u«jjJ jl^tflil 0*>L«»>tj Ic^SCij t^jUjjjLl ^« ^^jlku ij^fy OLiSlij 



E, = E 2 



El =1/2 Ml VI 2 015-lij 
E2=1/2M2V2 2 j 
V? Ml VI 2 = 1/2 M2V2 2 oil 



Ml Vl 2 -M2 V2 2 




jUuil) J-j£~j ^Ji ZmJiA (Diffusion) jLtdVi s 

tgdUo *IAp ^JL^s t-l>-jl ^kp (jr^Li U5 - t^c y^l JtA^- L« o^U (i^^_^ y 

3 ytliJ Jl (1829) f ^ ( f L_*l /) 0 ^J j j( JjJsZ J-^s 

Oi O-^ jJU*> c?A3l w->tJi Ll* tl j^-S ^j-* ^il lS -Lp_J . (^ji J-^) "^rr~ ^V-V— 

i *JLwV1_j cr ii*J) L^-Jsjo J^>\j>- cjljUi! jL^ib 4~esUi-l ^^>*i^ <i> y^-^ £-^_i) 

c-> ^^iJ aJI^i a^j _j ji "Vi yLi^c^L*^ ojL-^lJ ^5* ^Js- (lg„l,./?« o^Lp^ ?uj5CjL£Lli 
^ J*ilb c^lf JJ cJlS" (c^jliil jLi^tAJ j y IS j>) jiyp (1833) *Ip j 

s j±S ^->tjUJi (Specific Gravity — ^--p ^ii ioiUr^ ) ^ 4—^1^*^ b 

_*laS ^ jow: i^-ij j>P «J^I jUJi JliUJ ^LS ^jIp <L_jjb4 
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ij: jlp Lsr ^JS (Effusion) -LiUsil J-Ljm L« dJ-Ji J* JL_u5"_j 

d y is jiJ^v c [(28) grij^ ^ jjj N 2 o«r ) (2) yri>^ *J jj j H 2 ] _$ 



d\ J (Diffuses) y^i 01 (V^r Ujj J*S/I) Oi^r Jj-W 1 O^b *jt ^ ! j^>j 

. (U^ u j j ) ^ j>jJi jip ^ ^ I ^ (3 .74) jUi*. (Effuses) ^ 

£j yf Jj4 Uivs £ (Colloid - l5 j^) ^JJa«a» ^Us ^ Jjf (^U! J>) Oli J_^J • 

tf> (Colloids - j& JJuJLi) J-aii ^ l^L^l aij , (1) (Dialysis) oJ^ 1 o« 

.(Crystalloids - XJ^JJA JJixH) 
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^ JUil ^LJJ ^ Ji; ^ oijL^J (Thomas Graham - ^L-aI ^ cr - ,La ^) 







Thomas Graham< describing crystalloid and colloid states of materials* in (Liquid 
Diffusion Applied to Analysis. 

■ ( lglil>«"'l t-iojlu/l Ju>-iS Jill JjuJI jrU 

jyySJJ ub-LX> (J/*-**^ 3jt;JaJS ^jlxS" fltl ^cjLoflJ ^ 4jL>- (^Ufe! ^"^La ^j) ^u2-«i lX l5 — 

i j Li ( j^_o AXj j*-^ 



A.W. Williamson* (The Late Proferssor Grahams Nature November 4 1869 
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- (The Victorian Age PartTwo). in Cambridge History of English and American 
Literature. (1907-1921). 

.( 1 907- 192 1 ) s>Liii ^^.Vij 

[Thomas Graham ( 1805-1869) f u> / ^uy] gc^^Vi JL^Ji /uJi J ^ 
^(Chemistry Colloid) ajj/Ji *L*-i3i J-*>- ^ ^j^j ^u^L j oi jiiU <jj ylL ^^ii ^Aji j 

,Lu%"jf>LJ ^ (Glasgow) j>^y& 4*Ui« ^ 

iL^sl y> ^Js- j\ ££s>- ^ <US jJ^Uaii j ^ ,/)\\ ^^—IJ «<-^b ^> ia^- J ^Ji* 
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3l*j! J\ ^JL. 'dj ( ^L-^lS'A^i^r) Ji jy-ji! ^ (1819) J* ^r-*^- 1 ^ 

^kJi 0 jiyL. £ ji JJdJJij (1 826) ^ J ( M . A. ) ^s^r Hi ^ j-> 

. (Edinburgh) « ^ 4**l>- ^ ^ y>-\ cjp~^ l$ ^ j s^} 

:<uL - (Nature — ^ ^ oj^-^ii ^xjjU! 

fljtJwOU-jj^aj .^V^JUo-tfj ^t<u^j^JiJK»t j^-^bJiuL^ji j: 

4*»Li- oy^ii 2L*-Ux3i Sju^Ji t j-«-> ^Lo^Ji ^ lil^i ^jcj JjL>-! (1830)^ 
t u_J Uj ois* J_ii .jJL^ysj. (Andersonian University) j-^i 

^U-J ^ L$J J** j Jui cUUj SUajj ^>Uj L^.l ^ c*V J$\ fi\ j _j SlJLJ^I 
j 4 2ut«^>Ji^»j (1834)^^^^! tCjI^^jl JL*j (^U! _^) ,^_^Xil 

.ai y«Ji (London College University) CuJ aJL^ ^ ^i^*^! ^ ajii^^i 
dU'^i^-iU^i A^L^j^Lai £ (George Kaufman - ^ jy^)^-^^ 
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tfL*- 3 juill dJUU JtjU- 4rf j (j j^aflU 5i It— .■ VI ^ lA^r (plftl jS') Jb p) 

£-owa3 ^ ^ j SJLaXlt gjL~ai\ w>l*w>i SjLJL - ... » yij s-IJU-jIj 
-U; W ...^ Ubjj^l^ Jr^^iS^ J\ iJjJUIijj: II j-U JJ-b"j 

j»w ja jji ( 1 844) f l-p ^ (Johon Dalton - j^-Ib 0 j*r) alio 

«( Joseph Black - ^<Jj^) t }\iJ s y» ^^us } 
Henry - sfj^h '(Joseph Pristly - Jj^Oj 

^ yi^)^ t (William Wollstoone - juJ i (Cavendish 
U-i u . . (John Dalton - 0 >*-) j ^Humphry Davy - 

.((!!... as jiJl j^i^i jk-^Vi I j«?btf •UjS' Jbnil LU^* Jw?jj 

j»i ■juVi ^y* _j i^U^ j^i JjJbJ! ^j-Ip <JL>- J>U- ^ (pUI _^ST) Y^is- JLJJ 

U5" tJL&ll vtJrl oU L^^. yjl 2L&il SJjJJ ( 1 837) pi* ^ Aii Jlii c J-^Jl 

^Ljto-i-i ^oU_j ;Loj! suuaJrl JJ (Coply - i^.^O (1862) pU ^ jJU 
pU ^ jJLtvS'uipj .( 1 855) pL-P J ajC l r aX^ 1 ) J L-£W 
t(1855)pU ja>- l^jy^Jiii^ Jk jl! j^ytii jjJ aj^b^ ^ cLc^JJ islJ (1837) 
t_ j^vi? jLii «u**>i j ^ (John Herschel — o yr ^) <— ui>- 
dA^Jli suijJt Jll. (pUi ^5")pUxAi (Diffusion- jLi^VO J^r jl>- ^—^ 
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Johann) ( 1780-1 849) ^y.j^UjJ jUVi ^'U-xJi l^is j_j jlfTuJLU 
^jjwt^ii jl^(^jyi) ji jLiiisULuoL L^ij Ja>-V jJ jlS^jJij t[Dobereiner 

aJJ SLlJl ^Js- aj ia^>til ^Jl aJjIS ^r"' cJL5" ( _ ? >-L>-j Ail ^ J"}^- ry 

Jjbw^Li » jji^ii ^jL4 (fUl ^S")^ JLiS .4*1 aJ^Wj Jai^Jl J y 

^Jj| ^« oJj>-1 j fc 5 4j y^-Sr t -r , _J- aj (J^ 5 ** ,j *_J cJL>-.>1 4JLi.> ^ jjlii 

i^-JlJ (J^Aj^ ;jiv>- JjJL^Jl ji P 4 r *5' ^LJL c <L^ ^cj jbJl I ^z5l 4 

t\j\^s£- \^aJS^J\ {ijZy^ jJL_*^)^ oLU* ^ AjJj>-t Ji jlS" J_J:> 

tlj^l ^^Li ^Lt-^^b LgJtS h J =- r J\ S:>U! (Hj— *j (oyrjj-W*) iSf-^- 
V jlS'tj jJi Oirj.;-^ jl* Jl-^i J*! i^Jiil ajjU-I ;u5^>J.i (2LxJ>Ui) 5ilji_*Jl 

£ j>^> (Oyr Jj~L^ ) jL_P ^ ^li^pr tU^I JJlSS Jt>^»- ^j— » 

^ L^J^ f U ^ 3 24 y^ 1 j^b 6- ( 1 829) ^ J (f Ui /) 0 r^> 5 

ilij 2Lp^*j ^'j -5 (j - ^ 3 >^^_J ^b <■ j? 1 f 'bl J- 5 *-^ 0>5 2— >- b>- j S 5 1 j in. J 

^IjjuI J^-bc* 5 v^JlS^ <u5j^- ^j^-^b j L_£>-jb>- L*jLxsiU ^-^-< cu! ji >Jl 

L^jlp apUJjI ic- ^wj SJjLLa ^ ^-r 1 -i^-^^L-Ji ^^■^ cU^I c^jIS ^ 
^- jl>- (^j j y^j) Oy^ Jj*-^' v - ^W^r jbi^j^ i jJlJS <i tiiLL-Jl s S\_=I — 1 



.L$Jj Jy-jdi j jU- jA\ ft \Jli oltj^. 3jjVi» t(^j«i s jj^) ^Jiii *U^i Ji 5_ji jLJ)}\ 

Cjijliil i ''^^J X^J* 1 <J^ Jt-s OlH^ (j-* ^ *^ ^ Cj^* ^ ^.^^ T bijjl^ \$t\ <J _J 

.&! yfyf\ £>» L^J <LdjL>Jj C^ljliJi ^IjJLal 

^ll^/i/l ( Jj ( J_y5> y ;5jiJb>til djjb£ ^C-jJ ^Ijyt^il 3il5"^Lsj k Silpbj 

yt> 4jL»*i iu^lj^ j 9jL^>-i Jup <LgjULj> gJ\si jJ Jii jlS' (^1*1 ^) j]i biji b^5"i 

2p^%« JJlx* Ob ^Ux^VI <J.[ Lcajj J^> y A_5 OUT Sp ^>JJ oJlA y6\ J.I CjI jLJtli 

(2UJ^ll jJ> y\yl\) Ju*^j ._>t^ ^ ^\ ^l^i ^ ci Jal\ sl-Jjjl, 2L_*^jil 
Jl (1857) ftp ^ J-^y ;4p_jjc-» ^p aL'LL? Sj^U S-js^jj^i ^pl jj^xJ tjt-^jJbj 

L» Sjl^^ I i_JlJs J Ujc^jL i«,.Ujdl ^L^Aiil ^ >.Lj Jmii i5Lgi ^>^Jl L>l . j JjJ ^ 3_J L«w5^l 

jj.* jjwuJi jipj tj^'j k—-^-" ^^jai : Jldl ^yUs .(j: ^1 i^-^* *jr-£ y— 'i 

SLj'LJI il^ii ^ ((J jia ^Js> ujiil 20) ^l^i ^ t» ^1 Jjit^L-l ^^ip C^ii 0 c^jS\ ^ys-lLw 




jUX Qjj! ^ 2JLbt* it j «) — 2JLoLA-Ij— ^xJi ( JJl>til (jiutj i j^r j 2— aJb- J,! ( J_j^ y j 

jpiil d)V i ^L>- cjlj-t^i y> <J>A_>- j _jylt l y t j^** > ^ (_y L^jLi)jJ7 ^«l>t>-f 

j yJi )_> ^ Jt yJJ ^ik^t ^pU* ^(1861)^ J £i & j . (Parchment) 
( i jS%J r \ ) ^^^i y ^JU*^) ^ i all _ji JJuJj J^=j y> j (Colloids - 

^Colloid Chemistry) oL^>Ji cL^jT ^ v Sfi rj -Ji ( r u»i /) a*, 

- 5L1^L! J_JUJj) 0 /J jl cLLl ^ J^i L_^Uji j?- L^xj: ^-J Jjty 
oiL. yb j ^ iL^/i ^ukJi ^d-* ol> _ji y> L^Ip *k^i ^ Jix* ^ ^ ^(Crystalloid 

(Glycogen - jijJ-i LJi) } \ (Starch - ^"LJi '^)<v^ Ji ^ ^» ^ dU; 
^Jax^J y Lbj i jiJi ^L^j V ^Jij (Gelatin - (Gums - ^u^Vt 

c^ljL4^ f i)4jj ^i a3 < %~jj~> ^L*- 4 ^.j^rj ^j^j^ oti ji (^L_*l 7 5') ( j_JLpi 

L-^ (Gelatine) i*\-> ^\ 4 >^*ii j--)) 

U&\ ^Ikjall iJUJtiL-i-y Ji j t(Colloids)^jj*Jl JJl*<II jfobjyOl 

iJ^-ai 01 0^1 ui^u j 4 (Glue - *t >Ji ji ^-^aJi) (k 'oXXa)^^ 1 



.(^ yli) .(Physical Chemistry) 4-51-^ «L-i^Jt j^i 1*^1 ^ ^^JL^U jj jJLij 4 (Suspentions) «(a*J*1'. 
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4P j**fcfi I cX^^I j UiJ^^ flail ObjJL]li_Hi l^i^l il jll JLaj 

U^aJ of oi jL^"i i j v;^ 1 j-*^ • ( Crystalloid) i-^ 1 J-J»*Ui 
.(Curdled) U« — . ai ^3^^ ^yJi J-W» jf >*Ji 
cjw? j US' (Crystalloids) Jb) ^ l *^ ^ ^ ^ u °^ u - j 

^yjs-ls dii" kjyj! JJbJJ AiJbt! AJbj-ill b'L-U^-^ f ^Jl J»yJ 

^Vl Jj l&jfjA 1 Oj £— J ^1 t_JUJi (j-Vi J] AP 10) 0i-> I* UjUaJjl ?- jl jLJ oLjLrpr j 
Igl^as ( j^ J '- k ^ C-~>«j <j— * ^ ^^rM a ^ • (£— !^-^ 

ilglJb2.jP ^li tiJ-lj O'Li _jX4 J-ASi^yt <U^L» aJuy Sij^ls (^.1*1 yf) yXil jUaJ 2L_jOb£-l 

Lgj L^ju^i v» jv: diJaS" jjii j .(Dialysis - ejLjJi) ji ^'bijJ! jl\ '^Um l*u^i j 

C->bjy>- oli y» t_> SJLiU-l JJb>*Ib 4jjUL» ,l_JbJUP (yl l >) te^LjJl S_iJaj 

. /iO j obji-ii ai^ ^ ^-Vi ai p >ii ou 

Jjai *J_j^- L$!Jb£_5 ^bjyJl jl\_P^^ JjVi JllJl (fUl ^') l y^ L ^ 

-vi^.- Jii ij» _aJl jJ- J l^J 4_pLuS 

j (1856) f i-p J r is ^lJ oir^JLJi j [(Michael Faraday (1791-1867) 

oL-w yJl ^ _bJjt5b j»^UJj <L_aLtll i ^aJJI ^vaiP ( J*J'^ i;>t^« "k^olc- S_J^L< 
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^giSai J^jo~o <l>t^ 1 « *„r- , .^ ; ^ >^ J-t* 0"* ,— *^ r ~ p i^iu-^-l ^—^JjtSl jj—iUiib 

jLii I i^^jj (jf ^ > , • 

j ^ yli ^b- cn>. 3>j*& & J>J : J&i J-*- i CPolybasic Compounds) 
JWS JaA±\> Lr o~o U (P 0 . 3HP):owJ^I <y ^ J> j) 

liJUj jjL~jL!! { JaA>- j^t-jLj ^o^Jkl ^Lll ( ji^L4-l j . , ,cL» objj^>r ^Lp <uJI ys>-^i 

(PP s .2Hp):c^^i ^L-^Ji jAib J» j^iij CP)Tophosphoric Acid) 

(_C jJi t y'J-^l i^ij J-*-" (j— ^»b- ^jy j ^Lo-^Jl 'U-S'y t j-o-vi' ilia tLi { J^ij>7 (j-^ J^— J 

.(P 2 0 5 .H,0)^t ^W-^ 1 ^-^L, ovi v_> j^ii j (Metaphosphoric Acid - 



'^Jb>ji5 i^j uij^Js Lj Jij_i "i 1 iSik^it j! ^lt jHyi ^ jj ji (Nanotehcnology) jI— «Jl^j 
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sjlj ^ijj^ j-aIi oLLv ^>*JkU (NaH^PO^j 

jLsi^ j^IpIj tU-UJl c^-ApLj ^JLcJtll ^lJjJI c^UJbJi ^ j^>^ (f ^a' 1 ^") j Oj 
^LJb J jliJ a^jJrt ilz>S\ d\£i*y\j, : J&i ^^1*3 .c-'liUu^S'V! ^ Jb^bJl 

<wS^ kJJjtA ^i^>r J J A Ja*— £jj J jUtJ( ^^y)) 
)UJJ i — Jl b)\}-\ hi>-,fr jukjl jllj JiUiIi £jU ^ ci _jJl 

3UJ (Molecular Mass) ~*-~>^r\ *-L£t ji-Ul u_^aj j*: ju*j o 5 ^ j t%-i* 

J jlAll jU-iV fj^ ^jJl J.W j « jL-i-i V f jl> J.U* J cwr jj^ 1 
L^&r jS'i) jili) ^ -ia*_ ^a5\ j— w»j Sjl j^-l <J}}Je ^jj* 

Molecular) 4~J^r-1 LgJ ^ j ^ i-i*}^! i_~~o- jLi^'i ^ S yJi oA'-i— *-* oj! 

U-)j (U-235) f J*** f ^3 - J 2 **- if ^-^ aj °- (Weights 

^JLJ cutis' j jU^'Vl) (_^J^*i' >/g ■? <sJ\j\y£- ^LL>ti-»b c^/ajtJl ( j— (238 

^b^ 1 ^ cJj-^-i <s^ ] J j^i 'oi^- ^UFl ) ^^j^jJi 

— 547 — 




U-) g?) u^Vi c^b^ t> iS y^i ^ ^-Sn y> 3 3 (U-238) ^ 

£ j^>\ (_c jU-l y> j ^-Vi Jlxii jU3l oli iildU (^Ul ^S") d Jli , s-j t(235 

Sib jj Aju»^>- iilL\j j J_pLiU jl AjL^J ^ ^-ftj^L ^ ^.-1 j jUa.ti'>lj J_)Ll!l 

U — ) f _J-^'J ^ ^iaj J--ai 4_jjLjJ! C~pr Aii t<Ljj jJl iLLriJl ^LiJ j-J jialJ iil Jbl ^ ja^JJ 

^I^p (ajjJJI iLU! ^JS y^) J^Lill oCjlkiui^l JplkJi s^Lx^ ^^kll (235 

>Ji^(U-235)^ij^ ^ 0 U^j /^^s^^.V^JJij (U-238) 

(U-238) 

c-a^ j (Tennessee - ^ ~0 V^j <y (Clinton) o j^lS" oj^ jLaJi JLiidi j 

.J^lj^ jVji (j 100) C-*L j ^aJi ^Llju ji ^Ur.U^- *Ww> v'jr* <^JJ 

^ j^aJi (UFI fi ) f j -^j j& ( _ s i-^ i _jjtjL5L SLx^l! ^iliJ <j^u^pI wLsj 

(The Manhattan Project - ^y"^ ^_?A*) </ 4Ju*=*-V ^ — (U-235 
i_j ^Ijl obUi ^Ip ^Jl AjjJOi aLuJi £-13] ^LjJ ^j^> 

.(1945)fUaj\iJi ULJi 

«-Lj ^ c ..JLaJl ^i5l (^—o 5jl jJs^-I ^ LgiS' C-st*^- J-sai 5L- ^ (4000) j-J^ 

J-uaiSl ^ ^ J 3^ ' A —^- 3 ( f— * 800 ^?-) JAl <_i^ a5jJU j jL^r 

J^l?- ^yt aJl- y>^j 5_*jU-l (UFI 6 ) f ^ ^f^L* c^ljl—P i ^ii ^jIp I. 



, (f>rjH) Jj_^» l.S.r"! (« J ^ <>j^i 



— 548 — 



c5_jt^i Ol jJaiJ-i y-f-JULj ^ jt— Pj iL^kil 4iL*i.i .iJiiiJj t4_> ^4 --r 3 

o«.i ijLLi jSo ^pJixil ^jJl h^~~S\ <G jjli OL_t jJLp L> lij (^ L*! ^) ji>o j 

^1p UIp Ov*r* J jV 1 <J*' 0 (-3 y>d5ij ILa1*J\ ^p^J <Jl*jt^V 

( 100000)^ ^ s 5 ^. ^ojf *sU*Ji ii^i <w~msi*}1j JpUJi ^uVi 

. jLLJl ^ 

c(1869) 

j_Jj .(No. 4 Gordon Square; in the London Boroyth of Canden) J 

.(1872) fU ^ jliJl ^.jf ol J« (jC^tf) <y (<r jjpr dUil 

jj>-t oU'.aI j (Young " j^^-*^)^ ^L^i L^j Ji o^S" ■ 

^U) oi (Ray Mckenzie - ^sy£ i5u c? 1 j) u«Jy J| ^ ^ c Jl^Ji 

^bS's^ji^ Ji^^^i [(Dialysis - ^biiii a_JL*J 
.Aj^uojj (Garabed Eknoyan - ^ ^) O 1 ^ 1 1 
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: aJ c^JOij (Trefil James - c r-*^r) 

j5*)0 jjl3 aJlp jOjj U iw^,^- -^Wailt^.grft,.' J^-glaJJU-U OlsJ-Si 

. (1 Xij*;—? fi\ ;l* j-jjjJ AwiJUi IjSUl J* 



James Hopewood Jeans. (Hie Mysterious Universe); 1930 
.( 1 930) j»Lc 4j_J_- (^lilt J^SIl ) <UlI£ ^^__u-w 

, t ' 
^ilj l» aj j^H jl a-j! c5 j j~Jl (j^**! j*" J * J 1 * Oh (Ji I— »Lt jj*—? • 

^ _pUi j^^Sj^ jj^jsiSU^ JJ- sjl«Ji (NASA - I— Li) iiuT, UU-^- ^Jt .\,U-,„-U j^USfi (jJ^-J ( 1) 
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Pierre Duham< (Hie Aim and Structure of Physical Theory 1962 

jr>,- t. -jT^fy US'] ^l^pJj^iJl \^si^\i rr ^\jj jjAjjCj^S^^QS 4*1*^0 jSCll 

^ lAAsrjj^ j_r jJi ^fi-j^jw ^j>,j t [(Popper) j-jjfj (Bohr) jj-j j (Einstein) 

^jky^JJl t^JUjvJ* ^UaJi ia-fls- ^ JUj oUtA*-^ j t [( Plank) ^*>k <i> ^ 
Von) j^j-i Oj-»j* JS" JUNIUS'] jJl^L^Jlj-jS-ilkaoLilj U^U*=_ot J"}^ j-*VJ 

*ju£)t aaaM ^ j^Lp «jJw oi jk^ ^ J, v t[(Feynman) ^uJj (Neumen 
j^uy^ioijla^ Ojpsjiij t [(Deutsch)^^ j (Feynman) j-^^fus'] J^jWi 
.[(Kuhn) (Popper) y.y.j (Born)Oj^ Ji* US'] *J v gje 

(Michael Frayn< (The Human Touch ) 
. (<U>i_Jl *Uu*Af t ) 4jUSt>*« rttVIrt* 

^U^I^UjcUJUJI JJ^L^IJb^^'li s (4j jl^)i*irj^- ( ^ia^i- A j^aill jLJaJ Ai) • 
V ^ J telill JSU^I j 4*^*11 ^^-U (0 j*a*w tM t (l*U<jw ^1 4n3a3l 
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Clive Thompson; (A war of Words). WIRED 
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«4 «4 



FARADAY'S LAWS OF INDUCTION AND ELECTROLYS 



JAMES CLERK) Ji>~^ ^p^^^r $ ; (JOSEPH HENRY) ^ jU ^Jjpt 
HE1RICH) j (HEMPHRY DAVY) ^ <Sj-^ 3 c( MAXWELL 

JL^-jji >JU_j t (GUGLIELMO MARCONI) J^->> A? < (HERTZ 

;(ANDRE - MARIE AMPERE) j^J <£ ; l_. - j t(HANS ORSTED) 
CHARLES -) f - Jj\_* j. c(FRANCOIS ARAGO) S\J » j — -J» y j 

;(OTTO VONGUERICKE) ( / J ^S'0y ^"jij c(AUGUSTIN COULOMB 
LENZ 'S) y^dy\l 3 ^(HERMANN VON HELMHOLTZ) yA^i* <V drV*3 
J-^^-iu o/ibLjwj c(AVOGADRO'S NUMBER) xl_p, c(LAW 






.(MAXWELL'S EQUATIONS) 
1831 >U ^ 
; ^^Aii j ^ (Charles Darwin) o_jjb J - 
.H.M.S. Beagle - (^LJi) j£j al^U-i sl^l- 
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James Clerk - J* yJ!L» £j*y£ ^r-*^) c^JJ^S^Vi *bj„jLii ilp jJj - 
a^,LA r i (ooi c->V.>Uii ^>J. w yf^i-i c^wUi j (Maxweel 

n) (Samual Francis Smith - er ji ^ Jj**^) wJi&u ^ui! - 
. (My Country* Ts of Thee - ^ jjb dUj) s >^ ^^jH ojUK 



(1831) ^>LuU jjtftti OaiJ glil > j^Li jflj 

; ybOii (Michael Faraday - <^bi > ^J^^ 1 ^ ^L^' jv^: 
dj^Uax^l ^ob (183 1)^ ^j^>>i jlaJL* i^li^iU^-l j^bfj Jj>-I ^^g^^L^j^S^ 
. <*JU- 1 3 uJt« i^JL uL^- ( J*^ y> ( ^^ ju ^ v ^ y bsJI.5 

*i [Joseph Henry ( 1 797- 1 878) ^jy^r] J*s$ ^ r L_5 aU 
^UVI j j-lJI ^yS\o yiliiil 

.l^pI ^gip UjJ y o>lk£ .y> V'^ AfllLJb b_^4 

J-nui^ ^JLL> ^ b ^^S" jLJ 0^5vj ILj-'V US' ciXLJl ^ a} LJL^^S' I jbJ oLJ 

sJLtJl iilii tT->1jLj jl ^ab 4_ I jb£ jU-l li J t<AJJ> <_jila ^ ^ b ^ff jLj Ojl^—ol J_Of- 



ju-iJi iJue, <_jS _j ^ ji 3 trf ^ r — ( -lJjJ) ^Jy _j v-^" - (1815-1808) < 1 1 
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jiii j ^b^i ji~Ji Oi Li^V [James ClerkMaxweel (1831-1879) 

<_d i ^J 3 t>* *° -^v*-^ *Ui*Jl J 1 -*^" (<— 'l— j Jj^y^ ^s*^ is-^-j£ 

jLJi j y.i JjVi ^jJii ^ jiy c?JJi ^-Jsbitii cr ^^,ii c ll>- (<u jl^Jj tLdiii j-.is' 

t(i>)j J*Liil jjj ^ (Maxwell - J_j_y-iL.) 

U.j t[(Electromtive Force (emf)(ii.->. l i) '^J\i mJ ^\ a^ijjl S^Jii] j—iyj 
: JUi j y Uib ^b^Ji [(Induction) csb y j ^LL] ^ Ji v_> ^ 



e = 



Jup- ( ? vL^ S y!) LJS" y>r j ^^Ip JVwl^VI tj^.^^j if ^>-) 
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JJbU ^ jjJJ Op c(2ujLJI Ltw^-I SJi'jta 4_i ooU Lo J.I iUx^-VL j) iiJ-b ^glp *L^j 

Electro motive 3. J" a_jl> j ^S' a_*sb 3 ^5) jj y -u^Lsj of j (J _^J3Liii 
t$Jp JV^-V1 ^-^r. ^ vj^Ji J-^ ^li ^LJi 3^Jb ^ ((Force (emf 

'a^JlS\ Za>- j JJ ^ j^dl (Work - J_*-iJl ) jLLii 1-L~j£ W fj 0 . !i 

. PdJUit ^b J>'^ j>- *LJi Jb iy ^Jl JLU 6 ^ SjlS yll 

J^-lst,* jlJJLa j L« *JL y ^S'oyb ^ AixpJj (.i). .>.<_») jlj—Lo ^ Lmj;^ ^iaii i^^Ldi ^lJ^vP 
(emf) y^^ 1 « ^ i^JUJ oJj-j Ul (^«JbU*il ,ia*>LM) 2L<jf ^ ^^-idi 

^i!) t^Lb-jj <l>vL1« ^.....JffUjtll ^ 2. ^ 1 ^Lb>- j c-JL?*li| t(VoltcJ j-aJL) j j_5vx~-$ 

.( W/s - L 4 / sj^i^i y tiii J (Weber - 
*S\) a*s\jS\ 0 jiii ^ J53 oi ^jip <jj>S\ j (Lenzs Law - j—J j y l?) ^ L< 

£_^>!^U .Li; I UajJj <j;jJl j^Jdl .^S^m SlSj^.j aL^Vl SLi^t^^l jL-Jij (i5.i.<3) 

L 865- 1804 >J ^.jU) j Jv^ s J 1 -^ 1 ^r 1 ^ 1 Ll * 

.k^. j^-l j jlu^ di-Ji JU^ ^ ^ 4 1833 (»L^p ^ dJL-b _j (Heinrich Lenz 

— ^kjulil) jLlia o^>Lj LuijLsi ^ Ujl^I Lois' Li j jiJ o ^_JLi5! i5b ^ j iJLa 5 S*i>- 

^ J^«jl A3wbJ> ^"Li^^S' jLJ bjj jJ _J UK iV^.y^ v'' 5 J^- t _ 5 -v~i'Luil (FlllX 
J>^L>tj L« j j^^alJ LlPi id) y LaJl Lift aJ| s_^Jbi L« Sj^-UJj .^^la^i < ^/ 5 '^! 

5UvJ jLlL* ^ aiL j <j (^jk-ijJl) S^Lj cjLs (jJ 0 l _r^ £ ' Ckiiii <jr^ s ' 

^ <uf Ll^t jJL«j Luf*J _j . AjLfi V L> Jl j . . SyLJl Jilj (Power - S j^Uii) jLlL» o^L. j 



J^Lto LgJ J^X>J.I ^yb y^-^ ObjvJ ^IaJlib o 4jl J* AJl^Jl SjJ^_4j! j^-J^ 

(^^o^o) cjiL^ (Induced emf- *-±>JJ ii.^. jti^r^iii uyuJ! a_pLw* 



, r d(|) ni 
e = -N 



cU 



(Illinoise - j->^\) (Donald Kerst - c — - ^ jJu ^)^J ^ 

SLLa^u ajli 3JL> ^Lj JJl ^jjjL« (^bl y 0 j-Jl3) olJss y ( 1 941 ) ^ ^ S—^j^Vl 
siiYi owb* jlSl.bj .(Betatron _ J^*ii />-b aJU-U 

(Doughnut - v^-j jjJi a jiki <_< jJb- ) Lb: ^ iJi ^ j b <.*\ ^ ^j-** 
^ jj_p Ji>- Ji (\-$L*jd ifyi dU' ^) ^b j j&y\ ^U^i ^ ..k^b 

5_jJlii jLui jb_^_4 ^Jb^^ff a^j>- J.I Lfb^- L^i jjJ-J o y co^JL^l dJ—t 

j Ajip j ..^zls^W (Electro-Motive Force - emf) ^-j'b^Ji 5_^ijJ! 
^jji aJ^ju wii^Ai ( _ 5 ~JflLiii ji^sii aJi^j^p ojLp IjS <fi\ aJb^Cis a*i!jJi Sjiii 



f =dO m m/dt 



.(emf) V^.^ 1 ^ Ljt sysii - e Jx£ 
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ii^Jb - (d-/dt) j 

wbjjJi ^ (Betatron - d)_j } l~Ji) J^*-* Ujl^ ^1 ^ /SCJ^l ^ SiLi^Vi ^^SLc 
^jjjjtrii sjiiii (X — Ray) Vr--^ ^ ^j^ c^u^-J^ ^j— * 

d U» 100) SLitis jlalc.Uj^ j ^*>U^*li j-^ £ yJi iJbb jlOj 4j! ^AiL 
ip^. ^jb (1; (MeV 100) cJy j_j iSLil ijLai^i l^^'j tcJy (o ^ 

^ ^ (0.999986) ^ V l» £fJ a-SUs ip^ JJ j\A djj&Sy\ 
aJaP 3jL-~° .J^j jj <?M jj^r- 1- ' t^J^~ Up 3 t^.L-Ji Ll>-^5> ^ aJI LuaS L« ^tws ^x! » 

.(X~Ray) V:: 51 ^y^\ ^j? 

^yua^A.) J*>1>- ^Ujc^JkI (emf) 5_j"L;^5l5) a*sL^i l ^\ oS o_«ip lij 
|JL» L$l*^ ^Ji tftiaJi ccJ^ [(d$> m /dt) = 400] £-1 olS^.^U 

. WILIS' -up^w 

^py^. 10x8 )] ^ jU, U ji [400x C^-^ S_^*Ji Jl ap^^. 10x2)] J^W L. J| 0 ^ > 
.(MeV 80) cJy>o_} ov 1 -^ ^r 1 -' -h^j • y [(7 o^-^ 1 J! 



.(^ jS)).J«rl9 v jL - Jl u"^' SV^Ss LOx 1.602 17653 (14) = leV 
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! U^Ji ^ ^ (0.99998) UdJOJl^Ji^ 
(1833) ^U^JI JiaZU gkl ^ j^Li 

^ k^i ^^1 y jl j Li^^Jl JJL>tA$ ^cl^l^-J ^j^- iS*^ ^ J^ ^ '■^• > 

JJbi ^'b^ jV jl y| ^ U ^jb^^xil J^l) 

I^JjU^- Jl LgJ^ui- ijj y> (_O^J ^^'j jv^UjJI (_^2-*J £ — *l ^l vg*-» J"&>- jl 4-A>*5 yo 

Oji t(l$i b-Ll>- V _yL*i il» o3U Ap-V 1 ^r^^ cJ O'lS - ) s-b^^li J^s y J jJb£ 

f ^ * ' f 

J Jj>*il ^JL5 jj Juiiii 4_JL ! _ r g3o1 ay Ia51 ^tf i?Lli A^ C->A>«j LL-jAA LJ'L*-^ ">L_pUi; 

iJJ > ia.aib ) Aj jllaJJ 5b~Jl 1^ b£-b J-^il i Ia.ail ^yo-^i . Lf^s ^^ij t\ > _^£>Aj 

Ljr *^> _j t^ijlUJi v^Lj jjC^JVI J£ J j j — JJ j-* _j (Cathode Pole - 
y> j (Anode Pole - ^^jSfi ^-Liib) ^ikJU ^ yj ^-jUrb J^ii w_k^l 

. L^Jl AjjlkJb <du. ^ ^ Ail 

J--^- <sU ... y^l 2L*..|j jjl ^i>- ^« « L^^S" tjfjjS ^y* ^U^til (J • ^ ' ^ '^Ai ^JU ^p^Jl 
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2H,OjJL--> 2H, » O, 



jUJl jj y, U^P J***-! J*-5 j_j ^Ul (H 2 S0 4 ) d^i jy&l e/=-^ ^ ^ 

i>r^— <_>_jj cj-* 2 -^ a»j!>UI L^Siif l? 1p Ajy>i5! J-^-^ _j . JJu Jau tSyj- 

fit- £J^» ^J&iJ j>-\ aJ^P^I J-j^U5\U^Ja*u^ Jy^jJ^lj 

JJU^i jt (Electrolysis) ^ jL^^i UL J ^ u i .J^^\ jWdJ 
aJj ^pV\j (lysis) jpJi'j <X^^> ^KJi cjI 3 ^ u^pi u jj>- y ^jL^S^ 

Ji33> j Ju ^JL^v^Ji J—pLbJl ^y. ^ yjl LL_a 3~»Jbi> ^ jj_Jl cUlf- ^j^a j - " 1 ^ 

(jcAJl ^ i«UaJl Jl jo^UJjUJI (H 2 )CPrJJ-^ j 1 -^ >f4 V^>' 

IJL* tj-jii*-!! ^jj^wo _j culS" y>J. Sj.$j>il 3iLkJ'i jiLa^ As- IS" 3 y> j> £ y J*>b?-V L»^>- 

* ^> C-^" _} (jl l^.lg- ^Jl 4jJ J-Jl _jiJl Ajlj A->" Li ^j-*^ C4*>-tj ^ « 

^ye L^La^jJ <_C Ail |pUkJi I Jl* ^ Oili^Vl < _ ? ^' wLjj^-JL*) Ll>- aIj ^ <J^>l^-oii 

4r3 : ,.^Ji 4jjl ^il L_^JL>-Lp>-1 L / a *^ _j 4 l lr^-~-^'_jVl t j— • UJ13wL«Vl AJujIaJl 1 gJ'j>-L^>-l 

(Cl 2 ) ijjvn^ j—* J5" J J? ^aJ-l L^o: y^i j ^Lp'lu^JI 

JU <^iL»Vi ^>UkJl ^JL. J\ij£& J^i^l Jj-t^ (Na) ^J-l f ^flil j 

:aJV1 vw^-^-j ^Ik^ij jb>xJl oL» ^ ^y^i^^ ^L^-a- 2L*-Jl 



2NaCl 



- 2Nu 



-CI jU 
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op Jiib j . (Equivalent Weights) sai&i i$it jjt i_yajj w«Lm o j£j JjV ai jli 
Atomic) L^iiS" ^ jl^Ij^. j y>J jl -u.V ii^iii y ^ ^^jUaJi subs' jIjul. 
oL ^ lux^Vi Ul^j: ^LiaUuii dAl^ ^/al^wJst L5 — ^iL>. <j-^^ o\ .(Masses 

. 2LJLi^_gXil i^>eJuil j ^ (3ULi^-w«) o.?Jl£- u^jL*5' 3jLb>*Jj ^^Ljti! jj 



O A/ I OM 



qn ,V A %,485C n 



^Jlij^S) JJj^l iJji- Jcs- j! oj^^lll 0 ill) aJL^ jlJlL* — 1T1 JiC <l-~>- 

Jl ip oi^.. 1 Ox 1 .602) L_a jLlL. j jj>-l ^ yL^fCJi djj&y\ q j 

.a^r> jj/SCJi j£j / Sji*-^ (-19) sSUJi S^sJl 

^-^idl jl J _ji>Js! ^ o$ o^UJJ ^ilxJl jLllo 4*«iJ <_£jL^JJ - n j 

ij jji 3„u5i 4;L (Valence Number) yil5^5i ^u- jl jLU- ^Uii^* w>^_jJ) 
jJLts .^Lo^^UJ ^ JJi j>l^l t_-> _^L.4 *Ju^ (^Jdij (7+_j 4~) Oy. ^ ^ j'yw 

i^ip LJb^or ^j^l^Ji JL^iij .(Ferous - j^^bJ-i) suL^d. ^IpUJ ^llp (2+)^ (ferric 
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^b- j, (3+) j (2+) yiSCdi JVi Jl^j Lo t ( 1 +)J ^ jUJ yiSoJl 

yiS^l Lob j 4^ Ov- <_s^ J' y-^ .? j y-^^Vl 

j£j yJi Sa^ <l,ll» oL_JLS (Molar Mass) kjL*ii aJLSCii jIjjl> - M j 

. bill ^JLL' ^ (Mole) ^ ;U o j j 
[(23) SyJi J| ^y^ 10) X6.022] J jLJJ } olyVi y. jytf yi xu y* - N _? 

. Oilil ^ <J jLp 0 j J J>J Uyl 

c^)as~ j ^yJ. ^\ j (96c485.3383) ^ _> Oy nil <y Sjy-Sj&i jlojlJi lJ 
jLul. i^jL j (F) } ^ — ^ (-b-ij c/jU^ oj j ^ _yJ j»^0 

3ll>cJJ| j\ JJu> <_£) iO^U _j j^Sy\ <y« (Mole) c>jLp O j _J Lj^-*^ V^.yS^' 4JL>^jJl 
js>-Sn ^y^a-'Ji j^—joJI c^Ij^-^-SV^ ( j * ^yl^yi ->J p L^U->tj ^1 4_JL^_£^Jl 

V = N A -"q 

.(j» y .y* j jLJi Lb- j ,y*j (C) 1-3 Oli i 
2^*5" ,juaJ Lu L\J »wUi2j SjL~» JJ- (_£bly tl)jjLl5 ^^l**)! ti^^^ ^r* 'V****^ Lj-PJs t^'lj 

jLUL b 5 Jo i_~juLj jf ^ <u!p i^^tii y a-L-LP A^lgl—ll ibtil jl JJL» j5 L_3jL.< 

ol* ^ ^ j ijfZJJJ- aJ^- (Cathod - ^ ^JL-Jl ^ — k^i 
L^J ^ L ^ jLJ jl ^1 j_lp (NaCl - (^jW^^ 1 ^LjJJ! U) ^ yji 



."il^>\ yj> -OIpL" 8 OwL* (ijj^al 20) 

60 min 60 sec 1 C 

20 amperes x 8 hours x x x = 576. 000 C 

1 hour 1 min 1 ampere sec 

oJj>-j La> (C) (j^j 

•r« (Number of Moles) s-jjUfl jI-ap^i 

CS* (576.000) ji A jl* J-Uiii Ji J*^- yr 51 j (~e) ^LJj/xWl 

1 mol e- 

576.000 C x = 5.97 mol e- 

96;485 C 

^Js- <*^r"jd wL?-l j jj f-£\ (+Na) fjJS ^y-A Jo-I j j>- d)_j— j! L_ij 

: ^J^Uii v_ ^ ^ JSCi o > aJL^li (Cathod) ^U>\ ^Jadi 



Na'+e — Na 



UTj t «(22.99g)^i >^ -M^. (Atomic Weight) 
22.99 g Na 

5.97 mole Na x = 137.25 gNa 

1 mol Na 
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(Nad) f Jj j j\ ^L^Jajl £tL» SiUS" Ljt^Jf -> <fr <^> ji^ 2 ^ i^-^.y^*^ 

1000gx8h 

= 58.287797 «pU 

137.25g 

^obs- 1 ^ j^j <SJ! 4-La I ji-aJJ jLS" La I C ^^J-P LL~^. J a^^fijjjl ji_Si jlS" 

i(diJ j t _ ? Lp jy^! j) j_/LdJ j j>3i ^ C->Lb~i _j ^ (Jfr J (3^>- jLo j 

iOUa^i ^ ^bS y ^ ji (1840s) /i* j ^iil cjLxjjujI 5 j°> J">U- Ju>J^ • 

f2) Sandemaniam - ajLl^l~Ji LUj > l$jis s J^U- • 
uiL i jju j£ J* ejo^U-i Lds" I L^iiSLJ jLS* a^-i jL_^? ^ (Cahrch 



^..^((OUjI aJU-)^^U-l_.«^i*^ jj-j ^ ajcjlUI Si j^Jl Ji-"' j-joj - Hie Biblical Book of fob (1) 
iiii jurifi ^ys. i jjj^ ^ .&>s>\j ^ , ^i J > J,) (Robert Sandeman - ^>j>} J » 
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.( 1993 - 1991 ) (20 £) fa; 3 l 

> 

iJ'u^i i^yU^^Ji — ^.-L-JJjS .j^Ll_3-j ^ ls^^ iUw ''' ^ f j— ^ • 

saju^^Ji ji o^u^uJJ^-Ji jijJL-^vj oj^>-j [(Farad) F — ^jL^i] 
.iJb.^^Ji s^jJi 2a?- j [(Faraday) Fd - <j^\ y>Ji] jj 

.LoU? LgJL* ^aJUtJi ^ys yt-^ l^L« jlS" ^il AZS^Jl 

cjI jliil *jy£ JLp kJ&\ jL\ ulS^ (Hemphry Davy - ^ >-«■*) 
b\S iSli AjyL-L _j to> yk>- J.I Sjl y> Jo A^Ji ! !^~- ^ii ^^Lp I^jL^xj ulS' 
.°'« Nitrous Oxide (NO) j _> >Ji -u~Sji» jlp olw j oJiy ^iu^i ^ ^Xc 

. <JU^-i JS' ^^Ip SysUs l*-f^j f U yij j^UJi ^Lx^i ii^-lAJ tilLil i js>- 

JtJLLi 

John Tendall (Faraday as a Discoverer ) 

J-flJ ji (2) . . . (Mozart - j.j r )^\ JuL* y^^jy f Ult ^ (<ibl y ) jJjj .LJJ - 



fohannes Chr)'sostomus Woltigang Theophilas Mozart - (2) 
^uy — H jjj oJ-^ J** (600) ji- ^J-^i u . t ^Lv^Jt jl^x5! ^ jL_*_- y ( 1 756- 1 79 1 ) 

Choral M -) iJij^i ^^i^ 1 (Chamber Music) »i»(_*-uJi ^^-^j ^LJj-j j^Jij 

.(^jt jiS) ,o ji-S- injl—Jl ^ _»J>J ^1 4ii f w i — 'j^-j s y*^ 21 *^ ^ **J i/*? - * ^■ JJ:?, -(sic 
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Electromagnatic - Lr ~>bu ? ji j oil) t$bi ^ ^liLi^i Mi . i^U jiiJi 
oLiiU aJUJi ljj^i ^-—^ (Magnetic Induction - c-J-Oj (Rotation 

LflJLLtf ^L~>-V^ ^tic U Ob JjlaJi o^Loic-l jl^ij^sb j (gjbl^—s) ^1 JiJ . ,t jJaJi j4_^*J?LjJj j 

David Gooding. (New Light on an Electric Hero). Times Higher Education Supplement 
^ l j ) j_uu -"'j i^^* j ^JUJl ^U2D 3-uJLilll J-^Qil 3jUjj»» Ja-**!* <L_U Li4 « 



S^pU5I 6 ^ Lb> ISji^j U^lj a^J olS - ^ (g?bl> J^) VI . . . J- Up v^J^J 
. . LuJs ^ UL^s j Uy_j I j2s LijtSlj L)^-^-iL> Uslii^i juJ^^S'L*? tiiLJl 

William H. Croppen Great Physicists. 

[Michael Faraday ( 1 867- 1 79 1 ) <j\>\ J J^V] ^'U^i j ^bj^l ^Uii 3 
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.CuJ ^ (Newington Butts 

a jLzp! (Loaf - _j-J)^»- <JljP j ^^il* -^bl^J^- 

— AjL^«JjU-Jl i^J^vJi) <^L'lp ^ <i _j*^l .jj O"-^ ^ ft;!^ jb ^ $ i»l*]g 5 v^>- 

Lu'yj ^ (ju— b ^Ji SLfl^J,.! ajLpjJi Cj-a^U Jb-f (Sandemanian 

3LpUi-l aJ jUdl r J^ij v-^ 1 $ O-^waJ .(1730) 

.L^aJI*Jj Si j ^zil tj?*-*^ <j^^ tj^Of^j 
*JiJb«i;i*} ^bi _/ jLj c?x. (L. Pearce Williams - j-^Uj .Ji)^^ 

* # * * 

t y it j Ls- j j bj^j (Sandemanism - iJLw.k_Ji) .ui))) 

j^juto y>j (Ub ^^Jl J 4> tS j>r\ Jj Uii (^bl jS) £»A j ^ I— *~^\ IJLft 
iU-kp Aar-j-L; j 3j j-fci jlaJl Ails' $x>\ ij^^ ^^^J 

jJliJ-l ^JuJS ^Js- aJLLiil j i«^J-l_j <u^Ji <_cJJ) j^LiSb 2u ^ til a_JI jL^-I_j 

^ ^jtil 31>ilP £9jJ L^Lc- iUxp'yij 'L-^^. (dJ^^-i 1 0 y^r* ^ji^'j c*L*i*il ^ 

oi j cSlj ^i5l ^ tL>- L> ^ l^uii Ujb^ bU^-l 4.uipl <sJl L*5" .^L»^l J.J ^JuiiJl j 




.L^uLp^jJi^I ^ jl ^ ^JLaLx!l_j <j^LlS"Ii5I ails' J ^Jli ^L-Vl _j jikdi U^J 
^UlliuLJ^^b! y JJL« jj SLj>-) jliJl ^.bS"^ (Bence Jones -^yr ^1 

^ ^eu^ Ji UjU jis' g;iJ) j (I) (Presbyterian - jiv j^ 1 ) v-*-^ 1 >* j 

^Jbxjl , * a CJlS' A;Lj,-j ((jlil y)JL^P^_j .AjjJUv^i L-^^^^ij 



L-jtjdi (Calvinist - l jJi&\) • — eo-JJiju^^L^}!^^ o>jjJi Jjl^pj^j Presbyterianism (I) 
i3-ua, (J*- j j-f-) iiLf-y. v^"^ 1 ^'i' 1 a- 1 ^ ^ (t— 6 ' j •^^- :, -r- i, (Protestantistn - ^-iili-JjjJ*) 

.(fr /l\)-^y^J\ aJLc- jt^Jl! a^ij J^j . ^ ^juS'I yjJljl^ ^ J^. J^aJ-Lfj fr-uJl-L^JU^i «IS" 

. JLIji' (429) ^i j 
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. JL* £*^r (J| Jk£ y J ^L-^i ^-*<-b>-i J_j^i ^ f- ^/>^t Jj>- Jlj Lb>- 

<.U^- VI JJ (J JLxil ^p^>- oil Lb !.Jj ^ jo ^_^_aJdi Lb* ^L_ji 

^jsLdl I Jl^. ^>pi a_i jliCi (g;bl U .(1890) f Lp J^Uj l&^i ^ ^LJl 

2^SS\ ^ijL<. (Robert Sandman - ^lu- ^ ^.jj) U .Lji Lbjjyj <_r-«^ 

j^ujJ j J*-) « 01 j (Jrrj j*) ill i j*- WaJ^ W*l jll ^ ill)) 

-LiL, 

5*j-i-« S^LTj 3J*i» 5cl ^Uli^J^l j^l VJa^^^s^^ j5^jlj Jb^jJJ 




A^oii v_*~->J ^Uiil ^i^-jLl i^^jdl <^C j-bJi J^Jtil <jl ^ by^Jjj £jJ 

. . . jlS* U _j C<L (Lj iJ^S- 

Minds - Sjj— aJi ^) ^> (Thomas West - j y) j 

5J*JL5i J^-l y i$s\A aS"1 jjl ^ 4^->- <J^>L) ^swai Al^sfl a ^51JJl t_ii*Ji; 4jL^ 1*5" tlJlj 

, a '2L>iL) aJjU]i oi*^* L^ii UUit* t AjL=^Ji ^ (Puncutation) JsuisJi ^r^j 
jli" «jJ o^>cj aSjiJI _j S_^a5i bis" (^bl ^i) o ^Jo- y jb Ub-^ (Maxwell- 

4*-oLi ji ^iaJ ^ j»-UJl ^ iUUPjj *Jlp AX^Jb C-Ji» i.i)ii> 4»Ls-i5l 



U l^ifei V j ^1 ^ ^ ji y-L-Vl j ^ ^JL_^i ( 1 ') 
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<uJ 1x^1 ^ <uJj L* jjlaj byi^s byi I Ju ^ <ws> yjl .JJUJ ^sLlsI J jb>- J-i5 . \ Liy jL^is ^i^P 
Jb-^.i jySUJ!) v 1 -^ ^ ^ -L-^J Sei y^ 1 (^-^ 

ajl* a^-jj Jaixa-i j (2LiaJL5i gil y ^k»)<4ji yp cjrJLJi (Dr. Isaac Watt — <^ij 

k_^^pl La J J ^» g J ^ y CjlJlJi y ^iaj J 3 •a-^Jl A-3 j £ejL»£2j .ya I gj.* c\ l_« 

j yjns>- l<A5j_Jl « y^Url 2>Artl J....H 4 :„ y& ij I S <Sj US' ^ (<_cbl 4_j 

aj Lojtya^i- L»Lc y» j s S' y- yjy.-W? ^yy? ^p o jl>- jJb «. <uU ol_jl l$J^ j 5 ^>\>- 

cAjj^Ji ob L^LftiiiJ Cp ^ lijj LS yy» LLIp 0 'dJa ■» <d iai*-l l)15" <_c Jill jvL^Jl 

i^t— J <4jJU ,ju C-Jtsj f Jb>-i ^ia . . J jVi ^ <3 ^ \ il^- viJi-i i £ OlS"j <uJl y ^ g.^j 

t (Electricity - ^Jb^pJi ) v-^j Ai- 1 ^- J>- ^ ^- ^ cJLS" Lg^* i^tui^ ( 1 27)->. 

aJ! clii ^yt l*S t,ULf£- <^Jij~ £^>2 SLc.Jti 0U5 ^ a\ Jj aJI c-jLtf j U JL»ai^L) La ^"i ^JLp 
Itt.J L* i^ly ^ (3*^ 0' '-'-*-! _J ■ ^^.j-^^l vj^'tjIy^Jl !yij«j ^ b^J ^ ^ y- JlJL; jl Jj <> U . .» . * 

i3Li* 01 V| iO jj— * L^5 ^ cljj^^JJ «L»jUJ1 S_J y* j^pj aJI : o^L>L» ^ ^ ^L_Xwj( J,J 

. ai^cIj^^ <*-<v^9 j*-^*" >w-=^j 1jl>- ^i^Ji ^ jy^Il 
cJL^i <, JjVl ^L^- viJjjl j ^Ji ^ysj iJliil L*f c^ljVl SiJU^l cJlS" jJULi 

(1778- 1829) ^\ (Sj-My ^ ( 1812) r L_^ ^ 

o^Ji J.1 0 ^]aj?i ur c?wb-| jUtiii s^ijii [Hemphry Davy 



<ul*s «Jl (<_?bl ji) jAiil tiL-i clS'l>o L^x^^Lo ^ ^1 <ujL^ JU5"] J^-l^yi aJ J^-L~» /^p 

>i t [ Pierre D ulong ( 1 785- 1 8 3 8 ) J ^ ^] ^ >ii 
The Dulong - Petit Law of Specific 3 JjJS J jo o^U) J^-^ 
j^jf *j jjj (c?bl aI^p .(416)^>^l^ ^bfxJi Lu ^ (Heats 

Nitrogen Trichloride - _$>Ji c~5tf) t3">>-! ^ ^5 ajL-J^ 

^Jaj oi dUji ^AJl ^jJJ jUcii^l ^vb- UjJ^ j c jliJt (((NCI 3 
t<Jl^>tji ^j—* L^jj^r C-'VL^ ^ I ij yu> jUf j ^ jLJi 01 J" o- y l)' J *j j 

cl> (£*jbU (jiSL/ y ^ o^u J^U 1 ) jt^xj ji5" ^(1816)^^0^ (j<ti\ dtti ^15" j 
1820s) y^-^uii j^i ^Ljj^ J j (Analysis of Caustic Live Tuscany 
^ J4 Sjip jbuj t'^Benzene - j-^Ji) ^ <• ^ ^ j* 7 ^ a_>jL^i s^Ui jjp ^ 

o jj j>Ji ^ jL^> ^ijLpt ( _c— ^ -kuj£-i ^ ^ "^jo- ^1 ( J^9 y oiji ~>-^j 

J j . (Carbonated Hydrogen - ^ £ti o^j ^ 

jyj ydl jjj y£fl j O^J ^ jA y *L^£ji £,J5 j J jVj ^ ( 1 820) fL_P 

jjjJjjJS^-Aj- - (Tetrachloroethylene) <3 \jv4^ jj^-K^i ^^bL-JU- 

.(C^Cl 4 ) o>» jj (Tetrachloroethene) 



^ jj\J\ (CaO) f_^--Ji5^t ju-5j! ^Sj* ^jvJs jJrt ji j jJrij tj-*— i _j - Caustic Lime ( 1 ) 
jt-ZjLt. j*j (C6H6) f IjJi c> jW*^ 1 t3j_?-^>J* ojV^i^! *L~a»^ *j j't*^ J jj-V 1 j' _ Benzene (2) 

jj_J_/«il Sjy^^H jit <.<Jj~af- u j -Ui ' J ■ )\ ^ JUii"Vl (Vj- 0_JJl [CJ* JiU 

_ji OiiijcJi* t^>Jt^Ju^jJ J-jc^^iLLi Jiu j-j>j (dry-cleaning fluid - ^i~>.) (3 ) 

ii (^tjt^i) Liu jis: ..\ ^ i j>; dj±> j-^^j^-ll 1000000 jS j ^ am L*^ {fsAiji*-) j 
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Ui-^J 



il jj^is* c r^ iL * j' (Hexachloroethelene) c h- oL *j 

.(CQ^jlt^Ji jj (Hexachloroethene) 

3 j^yj 'j^") (ji^*^ 4j">^I <Lwf-\Jl cl_^J-i ^ ^-_jJj (1821) ^L-f- 

jl J* ^ yiii .ui4 *i ^-y Lw/ la-*- ^ijj (Sarah Barnard - 

yfc L» ^JS" jLS"i»Lpl ^JUl ^jljJl k_~^-l_J 4— a}>j£\ iiitfLnJi (^LL^^^j^J tl*^-! _J— * 
U ^jS" clival ^ Lgj y3 J L_^J>rjJ ^!^j>-i^ v w ^J>- v_^~^J A^j>-*lxil l^JLjl^LaJj^ ^ ft IX. 

L$J y (L. Pearce Williams - >-LJj Ji) cJ^ 1 

. ((UJ Lcjj 4* J ^ ! ! ^ jl^Ji Jl a* jAl J ytill j jUJI 

j Lf; .(Saiidemanian Elder^^uJ) a^^J! 

— Oir*^^ J 0}^*^ '^ , - > • — o^U^£2* L*^jWLIS wV^-i ^ U»Luli < <»_) 
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^ Lgj 4»Lfc j "^JJ V*" ^ ^ ^ ^ ^\ ' jw^. ^ j*>^ 

,LgJ W_jJ axL^ t<*j«-V, i^vj (_> jJi ^JLstJL ^*L*j 4*Jjj <j^>- jj jlI ^Jj t^ji 
Si^^ll ^<d*Ji j j ail ^ ( 1 82 1 ) ftp ( j>.y£\ ) J_ji <j£j^ --^ (J 

^l*- j *UI ySfji&yS. 3j ^ JJL-. Jt^lj fobt /) ? 15 0j3)) 

^ diL-Jl aJi J*>U LSI ^ ijLj J^jf jjJjll *U?I ^ 
^ <J j^Ui'a^U'ij tiS' ^-1 ^-j jet.,,, a e]JLi\ .idsi-b L.^aaotJiiij 

XO.Sfrfltf^.j&dj* JjlL«Ai^j ^aUUOIT 

; ^ c^>Li l_1 (Hemphry Dauy - ^g-V l>j^*>) J 1 jL- 5 v^JU^ii 

4j ^ ;*UApL^«^ Aj1>L»J jl^of 5ijv»J d^k-^li^ c-Liij ^r^^ (J^" ^ j*-^ ^^j^ 

tf 

.(1824)^ ^ L^J t ^(jiiJb AjUril ^ (ij*'-^ ^^^r L« t up ^ljM 

o^i! oJl*> Aj Xai .cAj^^Li^t (J,\ <L^^\j-_* AiaLJ <^JLLai (1831)^L^ 
i 

o^-j viXL« ^ ^>-l i jLJ ^.lS^j^ ^j^jjtA ^LL« ^ ^j>\> jLj jJ-*^ aijI^_«J <J j>- j jj>caXj 
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ajja* 3JLL>- ^_jl>- Aii liXLu ^ ( Galvajiorrieter 

^ j^-V" o^jj jJL-^il ^ ^gj'U^^Jl jLxJi JL^jL cJlxi Aik>- L>! ,L_$J 4_JL^k!l 
(jiJL^.- {jjJJl^ (^ia^l ji — (JL~»JsLiii ojLaJUU) U Ip jJ jJjjj <li Js> dJL-Jl 

jlp^ Js» ^liii tlXLJl JVjJL>- ^'L ^^S" jLJ JtJ y >Ji~^J_} ilaJWl 4jJbjJ-l SiJUU £j ^3 

^b^^^siS jLjJI ^» j!JLL« <j;t ott ^5 c- C L» lil ^-jU^ Oj^oijj J * ^LaiixJl 

jIp Jupj t SjLJb-- (^W^-J) oJb>r_j U (j^J • ^ ^ -A3 ^ JL_5^) 

j £ b»rlL. 15^ jlS" Jytfl dlO ^LLL- ,J JL ^<3! jUi jl ^Ij V^.^^ 1 SjyUl 

SjJwLJI rzSj JUP (j-^b- La y^jti L«j s5LLaJ-I ab>-Liil ^^-Sj . J_jV^ i_Jiill ^ i^-JL* 

iis-V Jkii ^ ilgju^ti cJjS'l jJLLJl i^JtLo < j^p ^SL^xJl jW^' iA_J^ 

! !(4j^| *J ^ JJji.) ^LUS^i jU^j ■kpJJ ^ J^j^ ] 

jLjJl j j y> L_A^0j ^5t — JaUdb J_>jJ~l 4JLl>- iiLL>-i jl^Lj tjJ^£\ U 5i-i>- L— *i 
^i) IJlA\ 3_J*kiii dU; cjU . < *-riU J-ws=il JjSJI U^iii di-U ^ ^b^vJ! 

^il* J^dl JjV'- uilil ^ jbJi y S^bj jl* VI Jj_ji V JijjJrl (^_j_J\iJl) ji-J! 
L»-^oj (J_j^ t-ilii ^ c-olj jLj jj ^« tji^*" c5 j->^ ejilli ^ jLJ 

,<JLj jJ*~i LoiS" Lib I jLj A^^jUbiil fl ^iii Jii^J (1 ) 
^L$Ji>iiI^J) LS l5t A^^JsLiii o yaS\ jJuls-jv* C-Oi j LJ^oJl! ^lii AJL ^^Cii SLj^^I^jj (2) 

ji o-yf jlJjSl^I ^c-^ (cS^i ^Vjl>J.I_j ^^..oL-i Lip j-^ju 




* * y 

£_-,uJl (1870s) ^L^- j? (1860s) ^L^^ J^U»- J (Maxwell - 

CjI> jl! jLtjj! 4 h Jutf AjwvisLi^J) O ^laj AX-i'i ^ (Jy ^~-^-a) C"C ^cJl » 

jLijJl l)I i jj C^ r "/J 3Lj?L)j SJL ^ (1865) ^^J-ajC^I -Lai t Lm„., J^LJt-o j j-$>Li1 

jl^. ^Jl5i ^Vi cL^>_ (1888) f L_p ^ [(Heinrich Hertz (1857-1894 
Guglielmo - j^jL- ^LK jS*] JUaj)?) ^ jcUs ji^ 1 • 

>( iu)i yi ^ jl^r Jjl yL^i JU^i ^> y [(Marconi (1874-1937 

jl iSaiL-Jl oLll <^jL4 (Ji ^^^1 il^-^ 4S"y>- L*l c jl j-a^'L; Ja_JLJiii 5jl 
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, L$Jl jj^ Sp abbj V| IfL* 3jfb)l 2JU ^^Jl J ibbj ^ bupj L» til Luip L»_j 
(jr^Jj^j) i^JLii JjJbU iiU- ^*ii>L-Jl o y£ ablpj J,Lup jlill 

Lojfc^l t job 1 [( v^bj (i)<^Ji] ovLajLl. j^iL Ju*i*u /,_£J j (Donghnnt - 

.w-U^j^J^Uj JLJb^xJl A*iL\ii 3 _j_5JL) <o_jjj ajjUsloj :b»j*>Jb^I iajj_j Cr~* 

Aj ajlll (.l5 . J> , j) S_Jb S atii Jkil o j_i5t jiJLL* j ^XJi jbgj>tj (^-r 1 ) <J,b_t5! ia_ 

jL. yUi&i S^,t jaLs (I) wJtlii ^ aJIj ^S3l SyLlJl jjpl li ■> . ( jL.yUiSOl ) 

AjjllsJl jLj L^IP _j (i ^lp 4j jbU) "a j jd!>\ f*J3 li j c<c5y» ^JJ^J (v') <— *^b is y m J^ 

Oj j./ji (_£ j>-\ * y -»_J bjajl ('-r') <— *dlb by m jil j-a jjbil>Jl fl^ji _^><jl Ji?-V ^^b .^fc^^ 

Axib 3 y IJLa 0! aJ^jJI 4-^j^Jb j cobyl dlk ^Ip *L> j .^r^btli oL-4VU ^£Jj 

cb>- jij c(^Jb <j^ljLiii «±jL^>*^'I ^ c b-~o ^) 

US'. iJLs^ L»»Jj Ljis^-io C-*iOlj ( 3 r *> < ^3lj ^UJl^ljl^lj^^jjiU^ii j£w 



;jliJl Jdlb Jd jij] ( ju jiliJ^H) e^i IS y J jjs j:l Ja*-*tff f. t J jty UU! 

iitst-S/i ^ j'y! Jy- J-s^-j ^ 

^ o lS"j . [Hans Or sted ( 1 777- 1851) ^ J3 \ y U ] ^-S> : a3i ^ 
(1 820) f U (wU-.'jjl) (J^ffi wuli t*J| OLjVI ^-j«>i (<j\^ y) <j~- 

: L» Lj_la ^Jl5 ^Tju (^bl^i) ^Jj J-^> ^ 4j Ll 2lgjLtw» y 2j j\2a ^j'li o~i^> ^ _}?/ j 
jsj-I ^j 1 ^ - ^j^ 1 ] (^'y^ 1 tr-'^iji^ 1 'Oi-^^ 1 ^ 
J>ii ^>kA 4 </oA? '[Andre Marie Ampere (1775-1836 ) 
^JsUw jl^ob [Fransois Arago (1786-1853) \y^\y\ 
[ ¥*J» ,^Js- ( y^> y> iLL« js- j\A\ i J\j J $>3\ jLdl a_JL>l3 LLi^l Ujj^- ^5!^ 

^^]ftS" ^jc^^S'ji Jjb«] i^*. > yi\ L ^hya}\ -l>- j .^U-l 3ily> i_->^L>- ^ ^jjij- 

3j^_p ^ jutij [Charles Augustin Coulomb (1736-1806) 



3L._^. ju>UsJi y& d\ [Otto Von Guerick (1602-1686) 

> ■> t 

L^pUa^Lj — ^j-JsUi^ SJLj^xJI v-i ^yvfiJ aJ^L»1 2JLi>- (Jl ( j^i) J~s y U, <_£ 

t_CJk>-j ^ybj i^yb ^j-JU-rjJi a yslli) - a ^TS j» JUj U-ffj - dJJAS' (t_Cbi y)^] JiJ 

^ bb-Y ^ j*L* LL ^p- _^xJl dAii* jlS'j . jLxj aL^s y> 4_Jlj jr j5' 

j^jqj .(Electrochemistry - 2 — ^ — J—*=~iJ 

liKjl ^lJb^X*«ljj ] O-^ jl ^Lkx~-I *ii il^oJ&l aJLP ]?\ a,!; JJUj ajJli-l <dbpi 

Sl-o^JI dliJ SjAJLoj t5-^->- ^j-* L^J^ci- jlll tjytit ^jLj ^^3' jLJl ^Lo^"^ a^Li ^ 5 LpLiill 

Equivalent) sjtslfCii L-^jlj ^ \~Azj> Ijy-^aj $\ ^ii J .^Js- jL-Ji ^ 5 ^*tii 

dj* <y> j*] J,^ 1 y^Vj^ »->La^i jlwLL. jUi \J iii^tj .ajU 1 ^ (Weights 
(ocbi >) Jij^ j-- [Hermann Von Helmholtz (1821-1894) jJ^i* 

.[(Electrons - 
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J**i ^ gfJUl j (jU-I jL^Vb) J-JJ^I LIU- ^-^t 01 (1839) J ^JL^ 

jj^-i ^ aJJLp isLtJj <l<»^^- JLajlJL»j JLv'j^ LgJLijl Jl5 015" t, y'a ll 

dAiij (l) (Sandemanian Church - a— ^u-Ji ^-^LS jt ^5') (1844) f J 

JLj- _^3l A>-S r l _j— * LIa o! UIp - ..l>-Sn ^LjJ Jj>-1 Jju Jl>-1 j 0 — 3Lo V5i ^—p 4_jL*J 
— bj aSLllI ^* fLuJl j ^..A-j- <o j^o 5 -jtfCJi jLS" oL>-l ^jo- f^-f ^^.tic, 

! !AiJL^x] LilfT i ^^Ji dA3i <3-5U? ^JJij (Victoria 

2uLa5- <_kJu^vj ji (1845) fU ^jji ub- JL£- cjili^o <*jliLi^Sl b\ y&LkSlj 

jjji) .(Faraday Effect - <jMj-» jfe) r Ij-jA^ ( ^-*— j" 

^j2j3 C)\Z-*» ] iS f~*L _}~^ ^*>S/t ''LajJLvS 1 ^1 ^_ .^Lu...>JgLjtil j « j JaJl J^J La aJ jj! 

jLJl jij^j ^ ^ [Christian Friedrich Schoenbein (1799 -1868) 

:J( i $ tj j^^^ aJ cjudj t(1845)^U^ (jy«jy) 
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t e jjio J^U?-i jwa*j J^- 4*1.0 J** ^ w -^ 3^^' 1 -*- J * 

iliifii i j •jU* f u^i-^ (Brighton - j«i j<) oi^ii u» Ji s^*li 

JLJLxJL) LftU-J ^l_p ^S^S y>Qs> j>) <Juz^ (1845) f L_p 

^L^^i V-^^ 1 jr* *t j ^ SjW^ ^yj t(Diamagnetism - 4_^J?udi 
ib- jj^ii jUu J-LJr\ Lilp Lb <d: iLUJt o^L-Ji ^ ; ( 1 855) ^ u^up 

.(.Lij^ji!^ iLo^xil ,jrij^ * ^r*-^^^ y L« tA^pLo^>-Vl AJLJUi jtSl 
AjP a j^\>*£*) 5JUiJi jjLJj '_J -5"!>^^ -L^P S—j^ci ^ LgJ'b>Pj tL^^Jl^ ;L_^«J!it j 



— 581 — 




3 Oi**Ui 3 JbikVi j^S\ <-r>M cJii" ^i (Christmas Lecture - :>*>LJJ 

^J>^> } 2**uliibj ^»Jjt5b 1 >• J->J-° VbiX>-i ^ g : ° jj^^r ^ tLg-Ji Liaji ^ g.lj'* ^ $*" 'j^r-^ 

1 860) ^ybJ <Uj ^irl^ ct A II (j5C<0 ^JU <JUJb ^ 4 a ^ 5 ^ AjLiS* aI^jT jA .ill 

oJljLxl ^ O^iiij l^plw? olp}^ La^j j£- ^ coJs- 1$jLS £- jJ> L-*5"(1861 

^i j aJUiJl oJL_$j i^ii-l 2L$Cili a-^A-^l ji Uaji ^—S'JJL ^pJri . . j-i ^ 

y A> ^yLI jtSy tj-i-i Ajlij J^j ^Pjj ^'-C-Uu y- 1 ^yP Oj jj ,^1 ^2^131 (_C-L>- 1 c->yi 
^5* ^° y) il^Sfl bjjjp \ \j^Jc^> — 2j»5 cJl5"lgjb <Jtu& jJ oi ^^j:,Lo y-i SJL^iaj 

^ I j-*-^ l^**-j»-l ^g^*^ . . . oliapxiJl aj-* ^ (J-JiJ^)) •^"■^.J t>J ^ 5^-5 

^.JUj V . , . tj\ Jb ^JLp yaj^J V J 0>L^J OVl ^Ij J*^d V tJu-lil ^ 

^li3l c u^>n Slii ^ ^ . . .((! VI OVl ^Ij V _j ^iip ^ 
( l> ^iiu (1) (Timothy 1-12 - ^ y^) ^ ^ J _?Vl J^iji 

-LLP ( JbJ_J ^jU) Ail ^c_^l j _} (VtP J c ^>r «3ll) 4JI Jl-L* (J^ 

. dUcb 4jL^s11 ^Lp cL; dJb ^51 ^ ^iil i_J y I V| j»-J2J ^ Jj 



ji - ^ j,) ^ yUi Ju.^Ji j^-i j ( f 80) ^ ^ y) J jVt 0 >a ^ li ^ r ^ ;> Hj - Timothy { 1) 

.ojjl j ^ j;^Jl >-*>«J V j a^V -sj-lj-j aa\ O-it? Jj j aJ*& j-r-i^ -Jl ^ --^ , ^j' V*- 'J J— ^' (Paul - J «J 
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Oy>r) Ig-xS*^! dill ^ ! j^jIj (t^bly ) J ^a^xJl SJijiii _^~Ji j^Slj J JUf t ^ JjJ 

^ «J ^L. j uiS" j_; j ( 1 872) f ip ^ ( Johb Hall Gladstone - u j-^o^ J j_» 

(^bi y) ^ uj y-iji ouau (Gladstone - o y^sy£) 
<U_j«J <u%j ^JiJ ^>jJi ^ ^-USj^C-u <Ji aJ^" jli Ja*Ji oi*^ cJ»)) 

.[(sU-dl ^) .iJUft ^> j If ^kel 

Uis L»*>lP- J ^A^j j ^^nj 4_fO^J^j \-^jjL; (J.J ^>-jj i<w?*yt>- < _c-jI >-bL] 

tjij^***^^ ^w-s^Ul-i ^ ^Jl ^ 4^jjLi ^1p jAJ (1)1 ( J-j5 4 JL? ^ J 2ul — ii^'lj t^ - ^ 

. ( 1867) P u ^ O~^0 

.( 1935) ftp ^a-^^idU'^^uJi ouSCJLiJi ^Jri 
\ j& J i jJbj S^aJjJI ^5jl* iibS" ^1p ajI^j ^>\jo-\ 4_JU.p1 Jj^-^ J-> 5! ^p ^j— * J_ *i 

( 1832 ^ u ^ .^LJLi^ij ol jUVL iUU-i 
U j^LJ ( 1 86 1 ) ^ Lp V^-*^^ ajL^" * o*« jIj CxJT l ^>- Ijj ^1^1 ^ ^"^ jii 
aa^I LgJljL^c.i^l ^"JdldUj JljTN/ v^ljuLsi ^.Ifi^s t> 6^041 )«_p_ ? ^si 

,pjL*Jl Lji ^1 J*>U- p jl^ jL-Jl ajLv^j ji (j^JL^l IjJl^ Li?-Li j UiU I^jl-^ 

I ^ j!5"j ^jfoJaJl jkdt Jl ^Jlj U^J-b ^Ip <JL>- j £s (^bi ^ 1 _a^Lp JL_aJ 
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.... ^J>oJl u i>-^,} j'^ 5 ' 0"* ^i^r J* ^^J^" J OiijjtX«*il ^Jj t ^'C a. U Si^tO 

UjipL-^. ^ ({^bi y) 4j ^L- L. jLil» (Micheal Guillen -JijSJ^) ^ 
-U j? olji (Orsted - ju- j jO (^ w y) j& 

.... 3*_laJl ^ ^j-tf ^ M** ^^^(i** 31 } kr;-tf 1 JJ Vj 

oj* jvap ijLjj fljii t-Jbr-^-Ul J-Jrl j«Jt ti^i . J^^l^ LgjJa^lJ j£L>|lOI 

^j'l^i ^bxJU ^LloS" (Dover Editors - j>^) ^jj^- dXJ>\ t<uL>. ^u^L^= 

j (Newton - j-jj) j (Galileo - >Jyi*) j (Archimedes - 
.(Darwin (Lavoisier -<u-»jij»V) 
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Ljk>- ^ 4jl — (^bl^-J) JU3l ^iUji Li* oL^ 5jw< ^ yr^^tij — 1 _ 5 — ^> ^' \— JU- 
SjjJ^Ji AiL "Vl ojl^iij aJIjI ^ y jj^o <uii t^JxitJl) i U-jL LJIS" V _} La yL« 

^-bJi ^j'^^-Lj oJufli liU c;j?_y~~ll dJL*il <_5*Jj*JI v _d~^L AibxJt iSj-^i 
LgJL*jt> », a jL>o! ^ ^LwuSjilJl <SjtL)T ^ a j^ju ^Jb Ali>L*o ^j^-^J . y- jj-* ( ! ! aJjU) ^ k ... .11 

. . . jLx^i Jj Lu jJ^ 1 (Maxwell - Jj^-^O <iL*3i ^1 JJ 



V x E = 



^Ji <uLp_j . oLojL-^4 oL^*J U»a> (—OB / 9/ ) ^g^jisLUll J_ ^ jit*^* 1 J- 1 ^ jL'JL* j 
JubS"^ (Jj y~£u>) < ^J: JjiJ . L £*~^\jjti\ ( \jL**-\ I jJu ^1 til aJL> ^ *J JlJ yj 

and Magnetism- V-^ 1 ^ 1 ; V^.y^^ j 15 " Jj-^) ^ J^- 5 ^i 1 ^ o^V^l^ 

- ^^Jffb^^^S] o_j-;Uj)j c(Gauss's Laws of Electricity 
5 j^-iJi 4 — TibbL* — * (Ampere's Circuital Law of Electro magnetism 

y .A-j^-JsUiilj S—JLj^^JI {J^ - (J-*^ (j * <L~&£ !jS/l 

— A^^-vJ^Ljti! ojlL?^iJL) ^ ^ — < L« ^ yr ^ SJb>tX*A>i 5jj^i>- u> L*^ cL^jLL^tJj 5 La^l yt 



(1) 




J ybJj aJL^xJi <^ijUx5l y ijS j-o \-*£ <. (Magnetic Charges 
V • D = p/£ ( > V 1 ! (^n^) 0^15 y>j • 



V • B = 0 



V x E = J^ii (<_?^ » j y"^ < 

(if " 

a i) . 

V x H = J H (J> ^~5v^) &L>I ( j y\s> < 

.^UloL^iJU^ JiC: J yH e>y^ C^iUil ^ Sijl y^ jy> J\ jj — i^j 

.(^/^VO^L^^^tJdi JJbU- H j 
.(Permitivity of Free Space) J~\ «UaiJi ap^ik* - e 0 j 

.(^yJ.J jlaj iZs\J&-y yi~\ — J j 

. (The Divergence Operator) - julS) c^jdi J.U. - Vj 
(The Curl Operator) - U^yi jlJ}) udii J.U* - Vxj 

.Jib- iJ V ^ ji j j JJI jlJLL. (cil J»U*) l _ r ^j 

(Jj_y-^L.) ^V^Ijm ^ JUor (Robert P. Crease - y-i/ ^ y.$j) ^ 
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tUUJi o ^ (Field Equation s - Ji*»ii o^iU.) a^JUsT 

SJ j*if I Ol jk^-l I jJa^J OUsj -t^bl UJv^L L_cl j »b j^flll ^JLJ ^«-^> ^^-^p 

^ cUIp *j JL* uu lUp (2004) f t_p ^ (Crease - ji c?^ri 

t( w jl^Si ^ t yLpj >Uil (»-!aPi J J— s^) J>-^ (»f^ ^ J_p" ^L-*^ J j-^- 

wiJJS ^ ov- 2 " j^ 1 tjis* j> c(Tony Watkins - ^ j, j-j") j^-p 

ci^ JL53 . . . .^jj^i ^1 dJUl^lt a* ydl i-oi'j 4iU j *>~ji> 
^rU- ^ hjjvr tik^ c/tf aUi jJUUp «.UAJl dtf ij f >Jl dUi OlT JUaJ .^ftij^ 

AwjiO JUflJ J i^jJi tJLfc il^Jij^^- ^wJ JL-^a dUfrU j iU-UjJl 

^Vil)t. (Richard Feynman - ^r-^ •> j^mj) j 
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Ia j£jC Uta tt-tsr aJLj1?3 jal j - jiJl jjl&l ol j W Sitf Ujfl j U lip) 

O Vil** jL^-t lailxo jj j LU dLlJl Ul ijjasi - i^) J^ft jsijJl 

. ( (0*^l*ll dLLa Jiaiil JJl$ll ^ yJl )lf JLaJ^L CJjji U iil 
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ab^j i*J Wpj 0 j&t oUlSlil IwUI uxjil UiT t l^U* ^ L^i j ^ bSo»T UiS' • 
jU* > j^- 1 ^ i./ 3 *^ ^-^v J-^'-^j jj^y .IkisXJi aJ jaJJi ^ j ijv«JLi , J i 

Olympia Brown (1835-1900); U.S. Minister (first woman ordained 
in (U.S.)' Sermon, c. January 13* 1895< Mukwonage t Wisconsin. 
.(2Lt£jjd«Sn 5i <>i"tt dUVjJl * *j '***; "**' Sijj»t Jji) I^jQS ^ . >>t^~7i^ 
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ft t 

Lee Smolirii (Never Say Always). New Scientist September 23. 2006 
. (ilJLl) UjIj J2j V ) rfCjULa^^iial^ 

js- (The Quantum World -(w^i^)] b^iajiiiij v^/jf^Lr 4 j^ 1 
Freeman Dyson. (The World on a String). New York Review of Books. Mqy 13. 2004. 

u^s ic_aM ^ (t j?r) ij\ tS Jp L*. jijj j <Ul - f.U*&\ l y*u - y<-^ <.J?A—. JJ ^ e 
j^li^Lwff-ij^) LL=r b> U_laAj j J^a**i?' j~ tJj\Jsu» bjjk j Ujjt£ tab cJbr j bwij 

Sam Harris. (The God Debate). Newsweek. April 9. 2007. 
.(^yiJu&l Jii\2uii) Aj\jS^a> hWi7\* 



— 590 — 



GAUSS'S LAWS OF ELECTRICITY AND MAGNETISM 

FARADAY'S LAWS) - JVj&>\ l \J^> ^ j g^.^ 1 >) OjJli 

Oh aJUUil ^UiU-JJ ^ u^J^j <.(OF INDUCTION AND ELECTROLYSIS 
^j-ft/ LJ ABODE'S LAW OF PLANETARY DISTANCES - ^-Tl 
KLRCHHOFF'S ELECTRI CAL CIRCUIT) goLr^ 1 j ^ >^ 

.(AND THERMAL RADIATION LAWS 

:1835jiU 

jjJUl) Sj^II ^LsV^ ^.UJi <j£.y^ s 5 ^ 5 ^ ^ o-W- - 

. u LiiJb <j^b jj j t w>U3ij ^jj Uj-lp ;(Andrew Jackson - 

. a) (Mark Twain - 4» ^jJi ^^Vi ^Jixii ^ - 
^ jS r i ji J JuU (Copernicus - ^ ^S") ^ j! ^— ~ 
De Revolutionionibus Orbium - u jVi 01 j^) o 

t b_^«Ji (Catholic Church) - yi&t a— «^Jl) a_*JU!) (Coelestium 



.{^r . u jj-j (Tom Sawyer ~ /.y ^ ~"- jai v J - L " ( I ') 




:UU^fl) ^jLS j>iL2 j*j 

^1 y jl (^b / ^^j»S'OjJ»i)J^Lu ^Jj_s^jJlJJj tlJ-*r Uii a_1*J 
^x5i ^ j_SJi Jz^. jjjju ^yLL j 4 [CD j-» yib. 4-^- j <y^-4^ <J-*^ l/ 2 ^ J^^ 4 

^^jjl k^^J^Cl^ aMJ-1 lJl» o Js}[£ laljt* 0_j>o jl jl i^^Vjto ApLlP-l dj-L-^S" — b- j!jL» 

. ^1 j jJl Lg_>- jL>- 0-^#r 1 j aJ *i> is> ^Uffc. o> L> I j) 2 j» a *v^a5" 

J A-*.r\\ ^ i^_>JJ ^bl^i I i J ?-l.L9 ^ s (Flux — L / 7 :'^y f ^ 

. (1) UjT(Faradays laws of Induction and Electrolysis - oLJl.^^! 
.(Flux - JaJ& ) f ^ M 1 ^' (Theoretical - 2_> ^kJ) ) a_^iSt aji j 

wb jjJi A_i j t^L'iSj-^i ^b-i ^y, k j^s" v^^ 0 (*- j ^ 5 * tj . (Aquarium - y- ) 

UJ5" U ^ Sjlil 2L*53l ^AL* S^b j jj^J clfJ^>- JjL3i (,^/v) - i^il 

. (^ji 1 ,). w-bs^tjukj- (553) i-Ur^lj (1) 
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j ^JLj ~i&2>\£- j yx7 ols" <jl*^ ^r^? ■»o ^if L£ (^r y>) ^>tJj j iiJ-S j 

. . .J^>-1 JlJI Jj i-gj:.*^.; SjL-ji A^^ij! Jt? jiai>- 

l^gL L5j t<d>-b 3J aJL^^JI £_« ^ <jj ^1 (Flux 



* - j> K • clA - ^ p • dV — 



i 



j! oil ^ y.j (Procupine - ^lp^i) 

.(V) £j )> -tUi ^b-l ^ 5j>t-iJl j\JiL» — pj 

(Permittivity of Free Space) A^aJS\ jj^k* - e 0 j 

.jL. J&^ijliJi ^.L^ [S^pSljuJi S^lii i±<fy> 10) X8.8541878176] 

.V j^J-l (jjJ- ^\ j S ^U-^iJ J^l^Jl SjLz.l - / j 

ji 5 ^) ^yb^^Ji [O Flux o-M^ 1 ] o^y^ 1 " t J -5 1 ^ L-^j 
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— : ^ y -klij ^jLp UJjJ *1sL~j <,£■ jdJl ^ ^ £\ ^> ^Jl ^ jvi^II aj^LipVI 
. (Permittivity - <u*jik«) ^i-Uo^^U ^Ja Ii <*jUi si j»m iul^i 4Ji» ju^wjJi 

.(O = O) j^Jl j^JLfll Aj io-i ^*jsj 0^ c^^s^ 1 

XA o j jj^i> . . .U*alU- (q) i*wi)l j\J&> OjT^^-j ijs- 0 jiUll A-S'jj : UiiU 
Ob Jjlki ^ Ol=i*«-S> OJlsr-l jS L lilt yUtf ^j^uill <S — -J j) «A?rl J^ 1 oU*«_iJi 

. (<t;L»i- ^1 yll j^J Jjllaj Oli ^ io^UH ^ jx~£\xj> j ^iJLall ^5 ^ jL»-» Lais' j c £j yiJl 
i/S V j jwl" V j S-*ftt V j (q) f jJULt ^h,..ll (3Uaj JsHa 3*aJv2-t iuJ u, 4 : Ul j 

/gji* ptibsi^l J*tf b j / iUjUl AgJU ^£ll (q) i^uiJt J* ^a-i! Otf U bl :L*l*- 

.l^i^J^L^ <U#-li 0^" 1$m£ j<« 

LJ Jaj y. A-JlP 5l3uL. jliw ^k^. J>-b jj yll (^'b 
[ Js- UU (32) V jLo L* j^jy. Jjo VI *Jli (^jlfo jil*) Aii pi*J jl wL^iil j^oj 

.(1835)^^0/^^0- 
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jii* ^wJsUu wJbi i js»-j iJW^ulj j I y)>'i3 ^^<2^>sil ^^eJjtSl !_j^L.'*yi 



0) fl = j> b-iM 


i = 0 


s 





^^-JsUdl ^a*iil jUi* jL-o JjV (jJ.yJr 1 y^'l °b4b U>-b A^r *il ^ ■,-,WU>Il 
l5 **Js?LlUI (FlllX ~ ^j-Ja^l) jLlL. cl>] s aJpj ; JU-iJl v_Jbiil oL£U 1~tjU- A_>-^il 

i^>- y^.^.„» aJU-I ajj& Oli t cj:^b-l ^sJsUjt- jJL^i* .5 y^j jol L_* 131 0^1 J 

wiliaiVli ^-j4JUti j1 ^Lp LLaLj ^jli^t^ a^Lpj <*i j^" ^ '^^> A^^^JsLi^ a!U- j 

C^L^jJl aJL>- ^ ^ J*>LU s i/l I JL* Ji. 0L> jSSA J .all ^y.^ .4_>ils^l Ju-J?L*l1 

^L^iiJj^j: aJsL-^jj a;^ ((Electrostatics - a_Xjl~J) i y — h~A\ a_jl ^^Ji 

A^- 0 j£o 01 ob^ii! 

^l) j^jU^jLp- j^Jb * s^jciJa^a S^XJfe^j (JjLv-o ^ jXs- ^>»lxjl 0 ^Jjjl^Jjl *i ^.Looj iO &>-\-S\ ^ 
AJb^r^xJj A^jJb 2^>- caJL^JI ca^yili C- - L>t*iJ! J j AJl^lai ^51 jJ , ,JLaJ-l j^^jcS\ 

^ [Paul Dirac ( 1 902- 1 984) iii ^ ] ^>Ji .b^i otf ^ 

- Oy^-LJlj *LJ*Jl w sOJUil Aj^kJl i,L^l Jl (193 1 )(» U J 




7t2L> v_Jaiil hs\s>-\ ^JsLJw ^r»U« J ^ LlSlf V (oA>-l j ^~i»lJt-« 
i tljjoj) I ftjy^oilj L^c-jj^ij o.,L_»J^-t 0->L^i> yiJ) j *L_j^JijJt tbjjjjji o 

tj *.* (Electroweak - ii-«JaJi (j a-^-y J? c( u j£Jl 

apb-Vi v^^ 1 - yj ij±>Jd\ :(Electrostrong - 4^~Ja ajl ^^Cji 

3L>Jlj j^_5t) tUl*jl \Js • o 

jJ^i^xJ *L*Lli! 4j^jt^! » jl^y* ioU-V' ^--'UaiS'iJ ^laJ! 3 yr ^ LlA^yxJj .AjjjJl 

SLoLJi o alii 2_p y ^» o_ ; OUjJ1 — 10] ■> >^>- ^-'j'l— aJ ASlkJl j AjL^Jl ^ 2jjUs J—j^S' Lp 

Jiiiii ^Ikyaii y> j (Magnetic Induction - si~J-i) s^J ^u: • 

^UpV i (Gauss Units - ^j^ 1 ) «^ ^ (Flux Density - 4_jaJ 5ib$3) 

.d^ij^j.^ ^^x^ o ^J (One Maxwell Unit) Jj^-^Io 

^.wLPj iULl <JLi>-i ej-^ jt-'^i 4ji.>j JUpI abf yiil (^J^) jLl^>i JL_aJ • 

Eric _ 0 |j iijO ^-"W 5 ^ f JLp ^ yy> j^} ! !ijjf ^L^>y\ J* kls-j 
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^ Jp ^»jiJ ^ aLlfCJi «uJjy^. ojjTUj ;i3ii bL^l. ^ ^ jlS' (Temple Bell 
b\Z a; t dJtii cb (Bell - ) aS'jij . ^ Ji V li ^L^uji 

;( 1990s) ^lii o >3i ^L^~J J->^ ^tfjL. ^1 ajj^l l^dL* 
^) Uajj <u^b ^g^j c?jJij (Normal Distribution) ^^JJi £tj ^ ^> >uj: ' 

.(Gaussion Distribution - <j>j& 

J^i>- OjUa^-*>L. i-jb^ _jl JL>-i Aj^I? £-U lS Lp 3J_-J:.j (^ jIS") t-jb 0_aJ • 

Q) . [George Riemann (1826-1866) 

t JuKii ^ liJ^ ^ (Gauss - ^ Otf ^ • 

> 

J*}U- - tS^^.j ij°>k- i«V * .r^ t/' ^ f ^ i ^ ~ 

L. Kroneckeri Zahlentheori 



^Iji-L^LUl 3— L^Ji^j^UiLi^ ^AjLUdl^^Vl J>i*-^^ ( ^"L*'-*-! 1 jjJJtOli^' Oi^^J 1 5 ./^O" 
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ojLxiL^ ^-^Axi Jljati^C JjwLxJt aL. ^15") ( _ 5 _Jp 01 £^<^ dLi _j? - 
Sji aJjUj -uaj jb^i Jii . . .L^Jp Jj-i ^ j r ^pj oJ&A Mix^U ( iL_^Ji ) 

.4j J^jtli j y (jy L»jLiii SJlSl*! JjubU ^y-il Jlj C-vl?- 

Kenneth O. May< (Carl Gauss>< in Dictionary of Scientific Biography - 



ojji^o Lc.^L_^^a.-'VI_j j yJl ^L_J1p ^cla^J SjUJrlj ^SjlJ^Lj ls 1^- ^j-J, Vl_j cS— !xJ-t _} 
— J^r ^1 ^glp , ^y^J Lc.Lbi 0 jLSJ V i^j^ "V ^L^P_j ^^^^ V e ^ (V 4 "^jj '-g-*-*^? 

.J-=^-Ji ( _ f w.tj^ j^VI^Jlu-s- j?-cx^u-i cJU<il IJl*^ tS5jUL| LgJ^L^* j 
Carl Gauss* 1807 letter to Sophie Germain 
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!ii L» V_j . ^r-*-' ^iLiPl ij eVS"JJ aJLJ . . .^pL-ipVI ^ ^uJ dSUJi (_c ^ : c. 

JL-JL^Jl jLipI VI LjlU L iUi J>«j oi JJj . J*>UU J^^l iJlji^l jJUi 

Carl Gauss, letter to Heinrich. olbers t 1817 

jLli ^ [Carl Friedrich Gauss (1777-1855) ^ } J^tf] 

a j y <.<-^>\ ij^^ f j ji 3 " A ^'jJ LJaJ A3 j>S A_jl5"jLiw» aJ (JILLS' 1 *S 

J-^sJ ^) Geodesy - ^ jSfi f j — J-^bB a — J_J^dij ^\ — i jS/i 



j (Lagrange - 5__ii-i ^ J^-Qai ^ 5-J*Ji w.^ui ^ j^Ji UjJ ois'j (Elasticity Theor)' 

iiij,^^^Jj^(^ J ^^ J JJj3_-o J Ui Sjr.il^o^v^^j (Gauss -^jiS") ;(Legendre- 
■^.Ls^-V ^Ld j LjjA (j^Ji jJtJi wL. ^Ji (Fermat Last s^L* ^jU^ya-Vl! _j t'—^bvi^ L^J'^'y D'-S'j 

4 jiii ^L. ^» [Heinrich Willielm Matthaus Olbers ( 1758-1840) j^J y ^ ^ (1) 
jlS" .L^-ijjJ JJ yjj ">U f_j*>Ji l_^Ji «-> ^a-> J*>r .Ulii ^ (Bremen - ^ j>) ^ j 1 -*^ v-^' j j 

j—i^w jLiJ^^S^ (Astroids - ^LiJil)*— lS'^U*^ Jji jl^j tL-^l^x. ^l-o-j ^IjLJi Ui jli j^-^ii/wi 
(^jjjJS ^Jli!) ^Li^l US' • (^y-jlS") IWj (Vesta - L_L-J) r -^Jl _i ,L:<1 .(^,1 ^y&L,) 

jil).*— i av !-j ^ ^ jJi _j (Periodic Comet 13P/01bers ) 
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. v^bL.j^Ji (l) (The Theory of Errors - dUJi ji LL^i 

LS ^*i L» LJLp ^15*) jiff JJii Cjj^jJj t _^wsLi J ii^ ^Liii cyW^J 

dJJ-iJ-^ OlS' L» Lilp iAj ylii ^LjJ y Ij^i^V sjl>oi c^^^d 
J _ ?J ^ail c?jL5l) j^J ^ A_Ji ^jtsj Ji jli^JJ! J _jfsJl jUva^Vij ^ LUl f J J 

^ t(James R. Newman - ^ — « w . J ur ^^) uo^ii ^ J-U jjii .(*_;L->^ 
(2> (Euler ) yj j (Newton (Archimedes - J) : jL^i 



|ohn Leslie Mackie ^t* ^ j»*r] — <-* >~M-i ^ ^>"j :The Moral Error Theory < 1) 

ijy j^jL- ^Js- J^l-J j .^Ulfi «-Jij tul»,.l-r^ j U j jljJ^t 4A-Ji ^» Uaj! U 01-5 J i j [L9 17^1981 

. 1 jj?J~* fc iA3j ; ^' j^jj (iJli) ^ ^j— tLc-jl i J$0 ".^UJij iSJtj Ub j—i'!A>-S/l »1->JJ ! J 

^ULpjV* JAJJ Uijv UjLi^-Wljj Jt w ; Jliil J^j _j .(iW*-*) ^"-Uj^I 3__iLS" j jS" * jj^cj J jV* J«-ij 

^L. s^JSj^l- ^! i j - [(Leonhard Paul Euler ( 1 707-1783 - Jij J y j jb _,-}] (2) 

JUL*! jL^L J ^ii-^ tl^U ^lal5^ ^ ^ ^ ^*-bJjiJl j ^iaij |^fcL-^ ^Ai t^j^^j V^jj ^ jJL>- ^»Jiji> *V t^j^—J 

^^L.^ jjj ^g^Jt JJ^ 1 j t(Curve Theory) ^L_i^di 5;^^ ^(Infinitesmal Calculus) y^^j^i J-- : ' uJ, 
.(^ >\) .^LiiSLU j ^-Iji^^ j JULiJi S\ (Mathematical Function) J 1 
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Ji ji» J—i? JLJij Sl> bljuJl ^jJ? J Jl; ji j sL>- jks- Sh jiff jj J?T s Jb'la L. 

<c!j£ c-otajli o l -^ l J (j* (j— jj *~~?¥ ~ \^csAj ^ j 4jUp ^ — *y jaj— » <JL>- 

jJjllJi jiJS" dlS jj£ .lul^j Aijw^l J! CJ "V Sjly* AjPU^r'Vlj 

^1 ji <wJ jik, Oi Us ^ ^> ^ Jlill jj J**Jl ^ jXJl Vi j^jj V OIS" aJY t( ^J 

JLlJI Lj_ r -SL.<) aULl. ^ ^Jl (Brunswick - ii jjJ y.) fc^u ^ jlS') j_5 j 
^ UajL?- ^>^J-t jj. jjjjuii owOi j .L-Jlii Ji (Lower Saxony - 

oLSTajIj ojJi^ (^^15*) iJusj .jy»bJL <U*jUU ^V^^l (_cjj-i ^bUo- ^L.-Lo_j LjIx— o 

L^JL>-i Lfclilj \ §.,s> y> p-Pj ^Aj yl£> <JLs JoS* Jjii Aj>\ LaS , j ^,rj ill £ ^Xj 

^ 1^}^ " 6 " /, 'j' > ' ^ 5 j 1 * 1 1 ^ \ Ac- /^♦...rtij \ . ..^i j>U jP 

^UP AjJ^l Jjl^ (. y-_jlS") 1*>^_J ^« U ^y> (22) C^ilS Lgjl ^y>- UiiVji 2_oyj 

Cy Lf ^ ^j) 3 cT* "^^^ ^-o-^ J^ 5 ^" -^W^i 



1 +2-3+.... + n-n(n+ l)/2 
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1 + 2 + 3+.... + 100= 100(100+ 1)1 2 
= 10100/2 
= 5050 

> 

^ j </ (Eric Temple Bell - J-i J-Jf £ j V-^ 1 j ^>~5 jj-^p ^3-^ 
(Men of Mathematics - J 1^)01 (1937)^j-^ 

sfc _j| — J-l j OL-^L; )\ ^ ^ Jj^l <UaJ-1 CJtf j ^^Jjl J-^sJl U)) 

L_g-Lp ^j-Jt? / (Mathematicul Progression - v. 1 — ^ «^ j=l*») 
100899 + ....+ 81693 + 81495 + 81297 

J^cy^i j^' jlJ-ft* j ((100)^-»i iJlP iki.ApiJl Jl SjL_~ll jpu 

— II O yUSJl jjj j UgJU- j^eij* j - ( 1 98) j*j - mi L$JLf ^ j 

((.(q = n(n+l)/2) 
jjJi j .^^r) «-.b^J L^S" j}>\ i^jA\ J (Jermy Gray -ts\£ ^y^)] j^- ^-^ 
^ Ct'Iu'^ £r-J* y Jj^ _ f>-j^KG. WaldoDunnington-t^-^j 
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. ((taJfc^. ioiaPj Jar ^1 jtf) SJaS tJ^ls Jl ^ J^aJ ^ j ^ 

Brunswick) <^_jj— j y. o^** 5 ^ ^ili jju j 

j y> JS ^p^fi 1*1 ji«j:.^jbui (1792)^ J (Collegium Carolinum 

— ^5sJl o>UL~i ^ v j y li] ^L_J^i ebUI Jj — JlxU ^y^ji — J-v<= y xJSJ 
(^lx<Ji LL* ^ *JL^l. J-*^ «_jri j) [Bode's Law of Planetary Distances 

J^lliS"! U-T^Lii-i ij yii Jl ipy ^li (Binomial Theorem -j->jJ~\ ^li 
.(Arthmetic - Geometric Mean) ,^-^1 - <y.L-J-i lU*^ 

^L^j (y) j (x) (ji-JLJb- Oi-c^r O*" 5 ^ c^ - ^" 1 ^ _ 1^-^"^ J-L-*ll 

a,=(x + y>/2 
[M(x+ y)] 
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.y } X -5 (^wU^Jl - i j)\~J-\ Jjjtib) ^^Ip U y&j 





^ • gn 


a n - 1 


2 



^jj^ll^Ji Lo^Jjlsw ;_jL*>xj 



^jj^ji - (^.L-J-i Jj_*1i (Reciprocal - ^ jJLL."y^_lk^ ^15" Ja^-i .j_aJ _j 
:^ (G) ^ j& c-jli. *J 1 y„^"j t <ytfl v3 ijiJl 3 ( 72)) j (1 ) ^ul! 



I 



Ml. v^J 



= r; = O.X3462684KV7 



- ^uii u j)ju> iLj»«j| ^ _j (Complete Elliptic Integrals - 3_Lii3i a-^Jj^i 
*_^u*>tf! s_Ji jiJj Jjl_*1i dL5i Ja-ij ^jSj j_* _j (1) ( Inverse Tagent 

a^Ju ^bi^i J^*, as (j. ■jii') 015* U5" .(Infinite Series Expansion - 

<UwJ jljk 1a » O- 1 0 y«**J (_c— 

1.41421356237309504880168872420969807856967187537694 

.«jy}fl aUp^i oUi ^p^sii^-c^ J^U- (Principle of Least Square ->^£ 

Jkji*^ i¥ a* ^ J^J l f ^'J^ 1 (Quadratic Reciprocity - a/i/i o>V.>l_*1i 
lt^A? [Leonhard Euler (1707-1783 ) j-kji ■> _yJ] <jj-i)~& ^iUi j 



^jl^^ Jiiiit^J^t J-*i>- (^jL-J (Trigenometric Function - i-d±* a-~ss (J—ikft) y. Tangent (1) 
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aJj t [Adrien- Marie Legendre( 1752-1 833 ) jJlj£J<£,l. jujjji] yJ\ 

J 

Oi^ajy J*** L-=f* ^y 15 (Quadratic Reciprocity Law 

Modular Arithmetic - ^l^JS aJ^i 

(Heptadecagon - 0 j_5\£o ^^-^j] t(WL> 17)— fi ^~>-U* ^ 

gon - 0 ui is ^1 - Deca - iv-^i - Hepta - *Ji3i 
jL4Vi vw&i j\j->y ) .iaii Ju>- yiiij s ^k^li JUjc^l [ Polygon ~^-J&j&& j\ £— ^ 
C y> Jji Otf lA* (^jtf) OL. jta oi LJ a_.V ^^-fr* 1 '-^jj* j-*^ or^M 
tj\ — ol j^Vl ^^^-^ Hw-j oVjl^ &lS"JJus ^i-j (j^Jup 4*>~Jl 4p">L>Lj) j£jJi ^ j> 

1000) o^>. -'^ o^Ui j ^^ij uir^ ^ ii?<y~ ^ -A " ^ 

s oJazJH a~*LA\ Ji5Ls.Vi ^UtJi (jw-b^i SpIW-Aj ois* Ji£J . ! KEuclid - j^Uii) Ai* ^\ 

i.2 ^> )\ (j—i ^ ji 5 j 3 cO jvi^Ji c-iij L-^>- (n - gons ji o - ^\—*L&») iLo.,....lij 
JL^y^2j8=(2x2x2)(ii3SjiJi JlJiPji^. 2j c4-(2x2)c$i2Sj-iJl JIa-p^.2^1 
- ^>> a_i9 (^jis") L^i . . .iliUj L_*U (2x2x2x2) = 16 J 4 s J? ^Ji 



^Ldii ^jL-J-i y u-^ugi j-l^ ia_. J ^iLj)j . . .juu^Isj jUJ.t w<LJ-< ^* s_±J - Modular Arthmetic <I) 

i_pL-J-^_y .(Modulus — J-*LxiL>) ^ — j'irfU- iLjw 3--iJ L^J ^ j Juu Vj> <t> O'^i <^-jJ'^_.jl J,J J >-j>iJ (— ^Jsju 

^ t -UJ 4 (Clock Arthmetic -o^l^i w'L_»^) (jr __j jjj 1 1801 ^^c-j^j jis") c 5^j^JJi 



— 605 — 



Jsi F 0 = 3 ) oUi oL_*Li* j^J2X-- 5jJL*Ji 0J1& ap ote aJpj . b^-ws IxL-c- n J— 

. . . (UU F 4 = 65,537) j F 3 = 257) j (L*U F 2 = 1 7) j (^ — ^ Fi = 5) j 
V j iaJLLJ ^ jSf) L^jl (Fermat Numbers - >.>ijpi) jJUj j_Jj .lL£a j 
.( 1832) f l* ^ (257) cSjU-i ^1 p-j f j . i^ ^/ J*/jsj 

C->ni| ji LS ^ ? ^ ajLst-Lj ajU^p! aj ^Jj Jij .al>- ^>«-ij y& ^gi*- (« jS'i JjLJ) ^JL>- ^tp 

Ojj-Uj j j^iajl yb>- jLJ lp eL>- ^Vl ^ <_jy ^iaii <>^J tAjlij JL_>u 9 \*a>-\Jt> ^Js- A_l5\Jj 
(flyb)J^Lio ^ g 1? . ■ » (^1 , •-? U) ^JJi> Jl. QU *>ILo J^nJl iSlJL ^ Lift ^p jJc^l Ujlp (J ,o>-lj-iJl 
! ! J-*?r Vj IfJ <J V a*^» ^ LjoJu VI j 01 ^Ua^xls ! ! ^ j£j 

Jl^J diii 015" ■> tl^iS" aJL^ ^ U-Uil jjp^l asL (1796)^ uu#j o£J 

^LiJ^V ajL^J j^jj V S-uU ftl*-*! ^y. JL* oU-j IfilS'j ol jbi-Vi _j A_i»j 

(J.J A3Lj»l Ai^Jl JXIj CJ^l-^i' J. a3 , k^Ja-J V oy (j^P J'!)^-*' I • • ■ ■ ' 

^ ^ — d j-S'l^oLugJi — jCsP A*^Jl :>_}JjU t_£J! /t—Liail a15^* ojl_^J 

tsjZ} (Modular Arithmetic - Ji ^L-^Ji) a_pI t ( ur « jU) jiiT^i 
^ ^ ^U5i J (Quadratic Reciprocity Law - v^ 1 ^V'jUi! ^ jJUl. j^_iLsJ) 
US' .(^^») ^ Cj* Cjfi^ 3 ^ ^ jI^p^I aj ^lii ■> i(Jjy.i) jU^J 

^jp j>**i5l aJI$«L«1 aXjA^- (j-* ^l*3i ^j-^ij ( jj) j ^ ^ jj, ■*> jj-* ^ ^ j \ 

^ ) . jlwL^l aJ^ VL_* ^fcoor J->*L?- 2ii*-l ^ ^^L_f- j^i 

aJL^Ji j^bLi ^r*-^ c^LUj:. (Polynomials — jjjJ-i oj^ux!) ^>t^Ji JJ-i ^3lloS'i 
.ilii JiU-i <Up j> ( J_j5 J ^ (Coefficients in finite fields) 

L$J^ 7- jj? ^ J ji (^•^is') i.L_to .(n/ (In n) —>. (n) 
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iJbr] y^jyiSl ^LJI ^ JS- JJ ^ ( 1 896) f Lp yi tja^-T LjJLi ^1 
Ju Vji JjLi ] ^^^JJi ^yij [Jacques Hadamard (1865-1963) 
J^j s j ^vaj ^[Charles de la Vallee Poussin (1 866-1962) 

^ diL" CjLjI ^ SJiw Oj*>U^ OlPjUl oL^L^jl f JLj^i*l JLli . al^-jiil 

L iilko ^L^. L^JLJl j-£J ( 1 949 ) 
x^'yJi L5 >o j jjl yii JLu> V| i J L^j^j 5*^3 uUi^l ^ c^lt- 4_JlJol *i ^ 

J^.] Jliii v c ^\>J>\ i^j 3 [ Atle Slberg ( 1 9 1 7) r u j3 ^ ii^JL 

V Wv* J* . L^j ^1 ^ ^ [Paul Erdo's ( 1 9 1 3 - 1 996 ) ^\ 

^JLp _J iAf :> yr j I j r^jip ^y2jJ *jy& CjIS t5 y^l ^".yij tiU^j-'V L^«LL>t^l 

.[(n>l)c(l)] a^*Ji jy; iiJipSfi «uipLa^j ^ij t^oy J 5 ^ 1 

Prime - aJjVi i^j) J* .>Lx^b j, - ^LSJ^ c-^i oi I JtCbj 

^ jsf ^ _jf jj^a*- i£\ oy. ^ ^Ls^Li (S^iii) Jj^ oL (Number Theorem 
J yyi a^^^i 3^J jSfi u a^J>£ d\ vi— «>-i lii Up j c[(ln (n) ,^J] Lr J«> (n) 

Jj^l oi ia_^">L. JJUVdJUttil3dlc7c5c3t2: yr J b .J fL-ijVl^L-L^ 
^JLp <w S^lftdi Slwajl-I i_XL^ail C-JlS' w'^iii c^JiLi ^ij^J ( _ s i-P V L. £*^r 

a^»v 1 j yjz>.* (Compulsive) j j& ^l5sJ 3j yjsj^ <ji ^5"Ju> j 4_jUi>- , >U ^ j^J 

; yttt U JL>-1 ^t»...i j ^»b" ^- hy^Lt 5iJlx]i ^laj-^ill U^L>- (1796) 



((A+A+A = EYPHKAj num)) 
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Triangular- M^Li Ji\)^ — — — > f^-^* — kj^ - — ~£<y^j 
iLuVi 4xf tjj3\ ^ *J| ^ a~»l^> 5Lkai a» *kj:. i^jlp ^^ax!) ( ^s_ ^ j <1; ( Numbers 

.[...c21cl5d0c6c3cl] ^ LgJbjjuj gui 

( ! ! J-^j b> lag-'y ) ; IjLai^-l J ^laJl <UA3 i^2jLo J~>*«o "VI Ax^o^i A^ Jiorllj] 
.41; jJl^ aJ! 

:<GL^- J^U- AlfCU Aj U O'VS'u" U ; 
A^oil J $J<P ^^r^J. iAL'Uil Aj^yi-t Aj ^kJJ aL^I Aj yfc y_ Axjjf • 

,j jLJ c/>L.u* (Polynomial Equation) ■> jjJ-i s^ui* Jfx_J 

:a^L*j1 SyUJ! Aj^Lt* aJIj aJULS' Sj^aj { Ji>- • 
. n ^Sfi J| ap y (x) - 1 = 0) - (Cyclotomic Equation) :->. j 
^Uja Lf^lc sbi ^y-P 0 jU (Heliotrope) j^LJi _,L_k^ ^ • 

kirchhoffs Electrical - aJU nil) ^sLi^i s^ui j£i ♦ 

T u ^ J (Thermal Radiation Laws - l>JJ-\ ^UJVi y) j (Circuit 



. ^ j — > j itk* ^ iuji j ^jL-j -uL - Triangular Number - (j&ii ^ _^ <-jyj j (I) 

n jvij^Juii ^ iiSUj .21 1 15 4 10 ii-ii (.^iliifj .^^^1 ^jUi. uiujSLi; j?,^ ius; 3 OJ— » j — 



Tn ; "-n n(n-!M 
n- I -2+3i-...-(n-l) + n- 

2 2 



.(^ jlS) ,(Jp ^ J_Jl *W ^ jjJk ^ . . . . )j (2) 
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tfWilhelm Weber ( 1 804-1 89 1 ) ^ ^] Aiii JliV) /b^Ji 1833) 
jl^r y> <_>t y^xJi j .(^j) £• ^ (Telegraph - >1j~) Jji • 

tAjyiJJl <L-^jLs1-Ij <;Sj tLjjiJl (J jk>- cJLo-^ 8^ IjLsJj V-*^' <Jj^j_J {J~"J^ * 

L?i ^ . (11 (Magnetic Potential - j--*£Sl ^-JsUli joJili ^Uk^i • 

. (4) 4JUUld! JUJj^l_j OJ 4i e USl Jl_j^j (2) 



l=r J,uJ.i jioiii -LiU^j (Magnetic Vector Potential) j^i&i <> ^uii - V ji j (I) 
j ^Electric Potential) J^> ^J*-^ 1 J > J 5 ^ (Magnetic Scalar Potential) <j— ^ 
*;t ^ j ^^Uiii JlM jJ^ ^1 ^J^-^ijL^ y> J jty Jilt j . H ij JiJ-i Wl* 

^ V^j (Quantum Mechanics) i5L;^L.j (Reletivity) *i>^ ' > ~i^ ^'-i yaJipr 61 *-* ^ 

Overdete --«JbJii j^ipJdLi)*-.^!! J »U-\ jU^V 5_iL.ji_i> - The Method of Least Squres (2) 
<^j^Jt ^LUwJi) ^ j .La^^i ^ J~*i-J j tjr 6 ^ (mined Systems 

.(Regression Analysis - 

Differential Geom - - i-U-uJi 3 — .-u^!i)£* J-*^"^ 1 J 1 j-^ 1 ^— 6 j -Hypergeometric Functions (3) 
j — ~s ^ 3_w^Jt j i—SL^v^J' c^u^ ^ s^jj^:. ^j i(Cummutative Algebra - J,jLJ^ j^tOj (try 
(one Spin) *l>l5^ sJ^iJi ^bj^ <J iaJy' <^jJs -Susy: Super Symetry Ji>- J^m^ 1 (J j) >->V'j>il ja-^u. 
sBRST jb? j -(Superpartners) «JUii o-Liildij jLw-Jj (Half Spin) aLiii ^-i, jIjjlc.i^a ^^-1^" ^'^_^r ^ 

Jjl£ Jj*J-t ^j-^o-Lj^lij i(Super Gravity) s «i Leit 5-jjU-t Jb?j ;j^jaij»_5jt iu^kt J_,ki 

.(The General Tlieory of Reletivity ) j-uJi s, — Ji ^ jiaa'^* (Super Symetry)jJUJiJiuJi Ji*« ;;;U^ 
<-jI — J-' j (Calaulus) J>iSoii j Jj,iiat e-»L_*. J^ul-j ^.j. j - Differential Geometry (4) 
^'uJd j\ <j _^oi j5Lt p siLii. ^--^ ^P' — j 5-->>J (Linear & Multilinear Algebra) jj^* j ^jl^i 



— 609 — 




Oi [(Giuseppe Piazzi( 1746-1 826 v <jW. /] jLi^i 

(j5 ixJUJl ,3-lc- .4 sLxsxSI J jpli^je Lb V^Jl ^SCf 4 j ^Jl 

[ Franz Xaver Von Zach ( 1 832- 1 854) iii j j> >l j ^ 

^^ii (Curtis Wilson - ^r^) v^o - * O 1 .?^ 

i 

. ((u>i ^y-i 5^ (Ceres - ^j-O s-*^ j* ^ L ^' 1 Saw ju-f 

<JU <*ijl** frU^-l UcJ! U ji5" 4jl IwL* (^jLS') ii ^L* ^^Lajdl j lb^"!>lil 

liUx^ ^ (jLJj Js- JiJj 

Algebraic- f ^ jVi *^) J_p- ^ ^ c(1801 )f ^ 

.( Disquisitions Arthmetica-^l~^ J^)jl ^."'(Number Theory 
^(Johanna OsthofF- -J^ji 01^)^15(1803)^ J) 



950 » >i) '-^-j^f ^ j< jU< '(Ceres 1) jl ^ ^s^j^j- Ceres ( 1) 

. J'Jaji ^lijj j [(Giuseppe Piazzi ( 17'i6- 1826- <j. j 1 —. ^.^1 J-i ^ ( 1801 ) f I 

(Hera) i ^ (j-j>j) s_$f^y ^tj jj ^ ^-^'b • v^j ^ — aii^U'i „»* (^n" j!-">j 

Ji'L^^yJ^jCNiimberTheorj'-^j^Ae^iw)^ j^'^j^j -Algebraic Number Theory (2) 

jiJ-i ^l,ju_5 (Behaviour of Ideas) ^s^j (Factorial - A_£A\S) a-j^i '-^^ ^ j^^cr^} 

X^r jti) .i^.fJjJiU L^k. ^ I y>&> J-ti^ JVJi-Vti L^-Uijj .(Field Extension) 



— 610 — 



: JL, u dJii ^ikil ( 1 804 ) f U ^ ( J>! ) jy 1 2 J j jil _j ^Jl aUl, j ^a^i ^ ^ 

dl—~iy cJl,^ <-jly& V 3JtP tLg—^aiy U JS' jP«J^j^5x^ 

<*Lc J^_jJl ^ £L Ail p*3 .dU& ^ j Ju-? ^ (0^1 dll _«a ^oJli^Ji^lji JU-> jiAjJ 

dW ^^cJ.^jdLU^^s^jij^t^j^^^ii j» ^jj^ } yt 

.((.... ^lib, Jj^j ^1 jw^Wj ...^jU^ie-jij^l^^^j 
4j ii>tj IpI^j JaldLJ <sJi L_£> 5b- y 2iiU- Zo^-i c^>L<5j UJwl5l d\jLjL» . . .(1804) 

. (( Jb-tr ^y* Cii.^- Aft U 
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.AjlSwU^f iiii <j_Lk>- J-«jU L^J^U^' a^J6 jij 

t ! ! V . J v_^J-i ^^Jj i J^ww->J SjoU jJ ail ^J-*^ £J a3 L_Jt^r 

<kJp kT-'^il CJlS" .bjb>- ( ( j_>.-jlS') ^wiii tajjlj 4j ^Li ^Ul iLJLii 

ft t 

.Juki sJ^it i^i. ^^jJj ^>Jij ^^jJ c(Minna Waldeck 

lS _^»Vj ^1 ^ — Jl (1808) fLc ^ ^ j L_gJL jl ^li iJUl <dU j ^ ^- 

*w y^i j [(Farkas Bolyai (1775-1856 - <S~^ 

!!.. ^^IlCrJ^^^Uj^ldJJ^^flat^J' Jj^jJ^dU»^lgij ...48 jjuJJ 

.3-A-ie-Sjt — * J*- ^9 j> jUasiVt 3 ^iJj 4 3jjA?r i*i Jl Jj^» jll 
iJb 4ijS 01 J jif f I f iJ j JU" V ^ ^1 Jl ^1 J^r jJ> ^W-i i>\ J/IJIJJ-a 

V «l j? . . .3 jl 3h *J*- j iU jntn ! '^^j 
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:olyp c^- (1809) ^ oi^. ° ^ ^ Cj*.^ 

(Hieoria MotusCorporum Coelestiumin Sectionibus ConicisSolen Ambientium) 

«.bJk*J! ^Jffjj 4jj£\^A 0jjj_>- ^yo^joj ^/r^j * 5*1 25" o-stilj 5 — Pjb 

^Uli L — Si J-^Uj J,liJl a) j^r .ki.>- j tA-J^USi ^l^S SLU?LiJl (J^ViLwil 

L»Sjl^ 4Jb^.UiJl 4_>I^Jlj i_->Ub^Jb <_£^JLii j ^xjJl — AjL>- j! — (_<— ^ ^ ^ 

^ Ll>- villi JL°>j iL*^»^Ll* ijJ&l>- J jl>-j olgiaJsVlj jj^ita ^yU-IJlSl ^L-o-Vi 

Chiistian - dU / jL^/) jA-Ji oJuJL" Ji ( 1 834) f U J L^JL-J ^ t fc3 a^JUj 

^Uji IjUb ^ 3J^>- Jlj oJ^>- yb pJL\Ji o j j^xij aJW_j Aj ^>tj> l^J^Us ^j-^J (Girling 

AT. ./?'>cjj C-j! ujLuJ AX/» 

ojSLc Jul? l*^*^- L^u j»_P ^Lj j . . . A^^ci'j ij*'^^ (j^ a -^-*^_j aJIjjuI jv^j d^-ou (.^y* j* )j 

J «g jLi^ ^ (Kenneth O. May - ^L^. .ji j^")^^ j:^ — ^ 

u Uui ^- j$La}\ jy*^ois"AjL — ^j-jj^s J — 5jijJ\ s.lj*Ji j.- ^ 



^WJj ^^Vi rjfi ( Psychiatry) ^fji jJ^j (Psycholog)') .j^ 1 (J* ^Ji-^w ( 1 ) 

Obsessive - g>^LjW.vt ^ Paranoid Personality - ks~& »- >^ ir- 1 ^^ 1 )^^ ji-^^i uL>.i 
. t^jdi) ,Jb» j L r ;l r- a ^ C' 4 -? (Compulsive Personality 
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J yi3i ^— JUi ^jJl Lol (,U^> jlT) <u jMp ^oji c-i jJl j— >yislt dUi 

Non - Euclidean - 4<xJUl!>0l 5^ ju^Jl) : u* j jte ^>UJt 0 jJ$\ J"^ ^vs-js Ij j 
. (2; (Non Communative Algebra - J^^TAJ* **r\) j (l> (Geometry 

Jj j jSfi dyA\J yb_j (Euclid of Alexandria - ^ . J300 

(Space time -<ji£iu dU_^i ^JUU- <J^ y<j^~ ji^— o j^'j 

^ ^ ^ (Quaternion Calculations - ■> y-J-i V^.j cjUiL-s-) 

./i; j«i 3 jAj ^ ^(1819)^ 
<-3j-p J> (Marcus du Sautory - l$j ^-JjU j ^ jU) j_s1 



<J* irW* L^JfL*— j^^Li: V pl^ij J£UV^-~-id.i s-jl^Ji ^ :Non- Euclidean Geometry (1) 
si^ifl ju l. lu-ji j j (Elliptic Geonetry - ^r-^LJ' j (Hyperbolic Geometry - J-JijJi 

jHc_d;jj)j JjLJ^ jvJri f H".** ~ (Non-Communative or Non-Commutative Algebra) (2) 
.(^jii) ,(axb=bxa) d^(J,jUi)^ir*Vi >^»<-»>«u«-^(axbff bxa) :sJUt 3_^jJl 
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^Uis^U^lA^jijw^ij-j OlOilS'j tibia ^ jAjdl ( tr _)jlS')SpjJcJlS'X-s) 

(Prime Numbers - Jt-J y}\ aUp^) ku.Ut <u» jki oLs> ji* ^ 

sj>i ^ 4(4^ Ip jUl aJIjJI) Ai-^aj (N) ^^M*- jtij t£? A*- Jlj jilil 4*— i> jj 
illJi As**! Lbi a,it U: \ iA ^ I Ai\ Jx-^ai s& V j ! ! oL£ ; Ip jJJS ^ 

.((!!(** jlPjAJl JjiJwrOU* j^Wjj l« ^^^m ^'^-t 

JkJi ) * — .1^ < _ s __ » (David Samwels - J-a^i- -l^p) 
^joiii a^,^) ^ ^'ULi^ 0> ^_iJ f jis") jw-i j (Knit theory- 
: JL u.dAJi eiysr <s&\ Uaji-ij (Hypebolic Geometry - 

UU" Ug3 Jul jjl ( *ktfJl 4->.Lb> Sj&j IJw» (^jlS* J ; lO -U*N < _ p — k»b^Jl ^ ^SJ)) 
S^JxSOj&Ol J**li jlj ^jftJ^^J ...(1816)fl* -L« Li'j kU-i-'l ^r'js-'lj 

l»w> j^foj^aS^O j£— *>^Ip) 4i»l& SilS'^j jP Jyjc-a JljJ fljr; — »il 

AflJ ,rt g ft j <U,ihft (IgJljU ./i ft j ^ flJuC—o 4, . ■■fCiift S Oj^> 

^ j jji jji j (Janos Bolyai ( 1 802-1 860 - yr] 
JT ((Nikolai Lobachevsky (1 792-1 856- i jSo] 

.((1^. ^ jlT ^ Iftjl&jl J* . 1 825 fte ^ iiysi^ J*. 



^^oijtJS oJ-^c-j J>J&\ <u^-j ^^r*^. * j^il ^ *J ^XiJi 4jI jL4| c^-«tL 

(j-jl^ ^Lo 4li> ^L_a3 i! *_^L3i O y&\ ^ L-« Ji jiajj ^ *J. 

t g A*-jLij j»i _>^J ^IS'j ^>Lk>- JJLz5l j o-L~J) (tLL-*Jl ^cuJt) ^» ^j_Jbu*)l 

Sartorius Von Waltershausen o ) j-b fi^ jj-i ^ j jo*-*.] 2 — jijtfi a 

- ^\ J\ 4_,i^ ^ •jL&i j oj h ^ t^JuJi j [( 1 809- 1 876 

: jLJ ^ (1850) ^ ^ ^oJij (Gauss Zum Gedachtinss 

kj^- U o VjUJl j-a*. ^JLi" As cj^^i ^jJU- j ^ ^JUIl ails' i£L» j 3x_^ 

i] (tj: _/>-Sfl UjL?- ) ^ l^U- j L^iiL-. Lip y ^xJi J>La}\ Jj'L-il j o jyiJl 

! ! . . .si* LjjJl b'L^ ^Jdi ^ _yL5 (iiij^l ^ jz- ^1 ^ U *SLa 
. . .^Jl jJl UIp ^Jl A-T>ViSl aUi^I jL*I j+\ j . . . /i ^ jlf fcjf a)) 
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otJl&i LJ ^k; ai j .u V - Jl jii oli j soil ^ <>«— j . . . 3 

p_p i\ UJj L^j o^j 2u^L>- i^il^- 4*1p L^5 oi^j ol*UL> Ljaji -wi*-^ lilLJ 

^-V- <i (1) (Sanskrit - a_^£~uJi) sui^. U *ji ^ ;ljJJi aUi jiii <u/ 

Sil SI Sjl*J J*-^. ^ <.0j*-£ / r* ^^Jl _j S__iili5i £jj l»AiP ( 1840) f > f- 

2^ ^ ^jl 3_jJil l»U ^ ^ol s^--*^ jl5" L»JLlp j ( 1839) f L_p ^ 

o j ^ iii>- j [Nikolai Lobachevsky ( 1 792- 1 856) ^-i^Lst. y ^ ] 

2u j-l&^i a*15i j ^ ix> L-*S" .a jjLlst^Ji a ^u$Ji a i^s^i <u*L d^L_*j 

Edward - d j&z^ k_JLf>3i a*i)j <^i~- aJ^j c ( — fj\ J-^i J — *i1 

,oL. ^ ^sijy.'yi i» j J^u^w^t ^>j^" (Gibbon 

i> ^Jfc ^JaS jiA ^ • e ( _5^ 1 aJJL*-^ ^> JLSi _j (dJU^^u) JuwaJi A>-1 ^Jl aJII 3^>-^> ^1 \ *5" 



j-^ 1 j ^ ^ l o > i.^o^ iiI ' 1 J s-i-JLiJi iii iJj/jjJi^i ^uUi - j^L^-Ji aiU -Sanskrit (I) 
.jS' ikiij (Tamil) ^s^lJ 1 ^IjJ '-u^J )t ^\ ^ Jy\ s~~~J\ *iUJ j+j ^» ;j _Ji_" sjJ (22) ^ o^ij 

jit) .(Kanada) buiSLl j (Telugo) 
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^l/V j^-Ij Jia jJ- t i\ a\ £a Jl rtjU;wiJ j Aj jLl>- LI ; AjL>4 Aj i>U ^ a1*5 Aj <J&*- .As j ( 1 855) 

A>.i*^ \j>j\a>- US' 4 La j yjas- y aOL>-j y$ aJiL*}\j »i jL>ll c~^~> 

» JLS'^ jJj*il aajJU* jv-^-Sfl al yU JJLP oj JS^ tU5lk~o_j iaJU^ij) AjjJj jL^i ( j-^> 

.(Sartus von Waltershausen - oj ^ aJIjlJi 

177 J^i ^\ *>ji<_£Jb»-! ^jIp AaULL ^LjS^J^ al^—S'JlJ U JjiJd <j J-is»\ 

^■^iLJl (^j^iiii .>\j£V 4-»Lil 4^*^-1 Jj ^ A^a.-*-^! diij iiiUlil C~£ ciJj I JJ> ylS 

.[Gaussia (1001 ) \^p]y> 3 Jdl J± *~,\ ^\ US' t(1935) f l_p ^ 

^ * A iy>o C->\ I ^5— *_J i*—-^ d/^* j! -^ ily" °<-^>-l_} ^JlSjS' A-wL; O i^-^J 

JS" UJi i _ s ^ c^L^iJii ^ ^ _j) t(Copepoda - J-*rjSfi 

JjLU ^l^l Ullp ^ y^Ji oi dJiii a~»~J u-. Li . (Bioluminescnce 
(1903-1901 ) 3 /iJi J ^ s_J^i ^LLiS'V Aj'dVi aoL- Jj 

<zA ^JLc.Ajji ^^bcJl^c(1930)(»^^L5^Ltoy^^. VjAi*Jl^UiJ 

wVii JaaJL; j c^L^jli' S^jL Ajlij Jju Vj LpLi y>7 J OjU yb^n ■ ^j" ^1 A~~aJ 

ojL5 ^UJ,I ^y. Oj^uJi ^LJ^S'I ^ J3'U^ (^_jl5*- 2UUiil a^ui-Jl) o»l ^i^'u ^j-J^l 

l_3 ^5 ^15 4J^L>^5'o j; wi9 0 ^jL; AjU A>o^dJ^ j (J j^l!>J| ^ (^jlS') ^L*- 5 *-^J 

Jwb^^jv^ ^ (l_«) 1492) ^ ■ 5 J ^r^.J i 0 i^r yil iili ^ l _ s _ip 

(U >1230) Ji ^ Si ^ ^L_*^ Ojj JJU,. _j ;(UI > 1 360) J^- J*r J\ dj 3 
j jJaJl ^ a_jLp L^L AjLs^u <_i— ^ _j Jj SiUs) iUitil ^^—a J_ oJi 015" a_pLo jjj jl (^1 
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tUlp ^ OjUiJb jJ\ ^3 ( AJL^uiil S j aJ-l tl jwo^Ji dii^o ^r^) J 

^.Uii j3 ^Jli o Jjr _^>i tlJlii (Gottingen - ^-So"^) k^b- ^^—l ^ 
Magnetic Resonance) t _ r ~>b>i) t j*$*&\ 06 )\ jL^ ikJ ^ <dp Si ^>A! iJkli 
^ cij^i ^ V j ioUpi ^ ^.jUi? ij\ sy>7j ^ (Tomography 

615" U-v. c^jJ (Sylvian Fissure - UaL> 3 ^\>Af)J» j ydi ^UaJi ^ — ^ 

^ it 

.[(^IS') «l ^i> t L>-i 

jIL>' 1*5" t4j ^>«Ji vI->L_ijU^Ji ^^jli ^J^-J jaJl>\ Cj>\ »> ^3 <_C Jb>-1 ^^iLp AS*>Q?Lj JL-lp- JL_flJ 

.(The Unit of Magnetic Flux Density) L5 _~J?LAii 5— iLsS" ^jJ* 

(U (Partial Differential Equations - J-^Liili oV^L*,) ^1 — j 
: L5" L^Ljj L^p ^uxds jLx/y b j (Gauss Error Function - gjl *Jb) ^ j 




The Gauss - a^SJUSi S-^a^U 0 _^..^15' sJb) ,*JJaS 



_jr-*j (2) (Hypergeometric Function 



pFq(aic . . . a p ; bic 



b 0 ; x). 



Ji*l^ ia** j! ji iib ^ ^ *jl~J-i *JL^»Udi o*Y»uii .y i-^ ^ - Partial Differential Equations ( I ) 

Graded) ^'^ii JluJij (Stipermanifolds)J-iL3 j u ^l_>l> j_j (Over Graded Commutative Algebra) 
.(^ jii) .^Ltf js- (quantum) i-^iJ j (Clasical) iS-s^Si yiJi i- ;j J j (Manifoldes 
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c k + j P(k) (k+ a, Xk+ a 2 ) . . . (k+ a p ) 

c k Q(k) (k+ b! )(k+ b 2 ) . . . (k+ b q )(k+ 1 ) 

> 

z^a^ ( c wjl5" 5Jb) Us yjj q = 1 j p = 2 U [( 2 Fi(a;b;c;x)] aJl-xJl JjL£ 

yJi Ijla ^j-o c~-*j-> sJb J jl c-JlS'j SJL'liJl 
(Gaussian Function - ^ ^ *Jb) ^ j <j j>-\ *Jb *JLa j 

f (x) = a*-*-^' 2 

.Cc b c /V jjSl <j\) a > 0 ZJLZs>- C~>i y jJaJj 

jjj^) t^jU-i ji-J^ (Gaussian Distribution - ^ ~ j ?) ^Ljla j 
aJUi^i aiLb 4_^p joJj 02 j_* (Variance - J» j-^) j (M) j! — _ (Mean - 
: JUi jSLsJi JLp u^L-j l^ji^^io: ((Probability Function) 




jji (Normal Distribution - LSr -»JEa3i yi!) ^ — • U^l f y*Ji j ^ ^ "^^.3 

,jSS\ ^yUi Jp v d (Bell Curve - 
(Gaussian Gravitational Constant - 3_j>M3 ^ j& c->U) Ljaji iJU-a j 

(K = 0.01720209895 A 3/2 S"V2 D" 1 ) g^Wj 

i^Ip ^ ^ (A Measurable Infinity - ^ljlU aLuSi 
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j 0369.693.100 

./* '— • * L« lit 4 

j 0369.693.094 

Joseph - ^ — <J) j_^r ) v^'^j? t^— >y 8 j si u s •*>W a 

SjjJi j V ^1 dAii *pL> ^ J^c^JJ ( jJ~\) yiXJL o\Z u \h\j t(Madachy 

. 1 .045.865.289 s ^u^ji ^y-i 

Srinivasa Ramanujan 0L>- ^1 j ijL^u.^] ^ (^is") ^Ji a — *L^i- 

(1) [1887-1920 

t2) [James Hopewood Jeans (1877-1946) j— ^ vj-* (j— -*^b 



5_^>j (Mathematical Analysis) ^t^JiJ-UJi J^^a—^i ji — S^Sfi jc-^Ji J^s^- 

Infinite) 5Ji^*!i _yJLi ^ (Continued Fractions) J j-^^-ii jj— j (Numbers Theory of) f 1 ijSfi 

.jv^r jii .(Series 

^J^^S" Ji> a—ijJili^! olwlJrlj ^ j^-lil ^ li^-i !_>J^; i'nl> J. jJJU- ( v r -. g;jJ5oJ ^-Xjjj j^j-^iij ^j-j^jJ (2) 

.(^ >li).(Sir -^r jii) v-iJ Ju jLi_j ^ l _iL i jJij>ii..f di lsTj iL-^j^jjj (Trinity) ^ y aJLS'j (Cambridge) 
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George Cantor (1 845-1918) J3 ^ ^jy 



John Littlewood- ^ 3 3 J -J ]/ 2) [ Blaise Pascal (1623-1662) 

i^JJl* yb Lil f-b*yi> j p '^-i 1 J-^ J-*^ ~ °\ ^ 885-1977 

Lbl j^JLi ji i^JLSi (jb $ <L~J»bj CjIp ^« »-U5^j j)/ ^ 5 ,jL~>- ^Jjjij C^LjI ^1 CJir- ^"J 

,\ jS\ j^jl (AiU^) <u-» V*jil oIa a>tJL/> ^Js> (Jj>-j jp) 

jiuU s^Jl. aIL. u_j *3>* (Felix Klein -J&^SL?) j^^ ji* utz>- j 

J">b>- IftUjl f btil J _^=J J jv*b£. J* j y&*}>\ jS- ^ ,J^_Js>L*Yj 

^ ( Georye M . Rassias - ^ L-J j . ^ i ^ j jpr ) L^^r j C1919-1914) ij*J& 
:Ji jl^ J ^bjl ^j)fO f> - ^ c/> > ^ 

t ^JLaJ( j^jJt Jl jk hJj£&\ I s JjA\ cs\j\j-y\ i-^-i- (^-W- j\) jjL Oil t U£ 
. ((Igj jL-j S^j j S.i.ftr..,...U oL-^b jli J J^^" 



(Set Theory - j^ii s_j » jl — So* j — «. ^ — . u ^ . L__.j j ^ jJj — ;ilf ^ — ^b_, { I) 
»ju»7 ^•'j-Jiij (Infinit)' - ^^jViit) "-j^j L ^~--^ _^bJt jy iw-ljjL^Ji ^^1*- o>L_» w c~>»—-»i 

Natural - i-*^ 1 j>^0 (Real Numbers - iJLJU-i ji^Vi) 0» o-i! ^ (Well - Ordered Sets) 

..(^ -ij^.- (Numbers 

i _J-^ >l 5 ;JjJl JuJjlJI j_J^ Li *a ^« jJ_j iy i j _y»V i-j j yJ^^J (2) 

s-'^-^ 1 cfCf^'J ^ .(Vacum- ^0 j (Pressure - k ^_^» ^ ^ ^tjit^jj .5 — 

.(Ideal Theory - *Mi ^.kJs) ^ uLj^J ^e-j j) } (Kent - c^) -Uj jiLy^ l>!r -> l -j j (31 

.(^ ^ ^^^Ji iiii.', SljwJ^I ^ jLf 
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Bell, fc. I .. A/ivj of Mathematics: 1 lie Lives and Achievements of the Ureal 
Mutliematicians from Zeno \o Poinaire (New York. Touchstone, reissue edition, 
10Kb). 

Bidder. W. K.. (Hm.w. a fiioiuaphicnl Study (New York: Springer. 2005). 

Dunnington. G. Waldo. Curl Fixderich Gauss: Titan of Silence (New 
York: llafncr Publishing 105\ reprint edition, Washington. D.C: Mathematical 
Association ot America. 2004). 

Dunnington. Ci Waldo. "The Sev.|uicenlcnnia1 of I he Birth of Gauss." Scien- 
tific Monthly. 24: 402-414. Mn\ 1027: r,ec www mathsonci.conVefgauss; Dunnington/ 
1 1 .»27/. 

du Suuioy. Marcus. flic Musk of the Primes- Searching u> Solve the Greatest 
Mystery in Mathematics (New York: Harper Perennial. 2004). 

Hull. I ord. Cail Fnedrteh Gauss (C ambridge. Mass.: Ml I Press. 107(1). 

Haves. Brian. "Gauss's Day of Reckoning," American Scientist. c >4(3). 
2(H). May/June 200ft; see ww\v,aiiKrtcaiiseientis|.ori;/tenipl;itc/AsselIX'laiiyasselid/ 
5-06NA. 

Madaehy. Joseph S. Mudaehv's Mathematical Recreations (Now York: Dover. 
1 070) 

May. Kenneth ().. "Carl Gauvs." in Dk nonary of Scientific liuti>ranh\ . Charles 
Gillispie. editor -in-chief (New York: Charles Seribncr's Sons. 1070") 

Nevsmaii. James R. (ed \ The World id Malhenuitns (New York: Simon and 
Schuster. IWh) 

Rassias. George M.. Tfie Malfietnatiecll Heritage of C. F. Gauss ( Rive: Edge. 
N.J.: World Sctenli lie. |00|). 

Samuels. David. Knit Theory." Discover Mazarine. 27(3): 4 1 -12. March 200ft. 

lent. M. B. W.. t'rinic of Mathematics: Carl Friedrich Gauss < Wcllcsloy. Mass.: 
A. K. Peters. I id.. 200M. 

von Wnllershauscn, Sartoriiis. Gmtss 'tun Geditcluniss (I eip/ig. IS.Sfi). 

Wilson, Curbs. 'Carl Friedrich Gauss." in landmark Writings in Wcue/n 
Mathematics lto-ftf-19-tO. Ivor Grattan-Gumness. editor ( Ainstcrdam: filsevier. 
2005) 

• ^"ftl \A\ A A a 3.a„.ft S [<A\ 

• <MH MW p' J' J J Bra I 

Li«j ULpI 01 JU» j - bJl ^ 01 . . . j& j .^iU-J SIpJ^j *^r*sr - ^iLi^j - 0 jSL-j fc*JUi 
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Richard Feynman< (The Pleasure of Finding Things Out. The Best 
Short Works of Richard P. Feynman). 

Lec SmoIin< (Never Say Always)< New Scientist September 23 ( 2006 
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Ji ^ jii if (1) (Top Quark - 4 ji 03 j s — ~ ot -u_,v ;U 1 + 
?. . . .(The Bottom Quark - ji-^M ji f f jJi ^ 0 jji W (40) 

George Johnson. <Why Fiindemental Physics So Messy?) WIRED magzine, Feberuary. 2007 



^^wJliUi XU-i ajjj JjJ U OA*.,.— ^s'Sjl Jj^J . < aUJJ ^ JUau ^jSI-Uj^^-..— >r t-J» — Quark (1) 

5^0? ^ bLu.-ij i^j) jjJi Jtyoti^ jdJt '-'^jjj ys^3 ' lj 1/* 'j 1 .r-^j (Hadrons -^Ljjj^u) 

.^u j jsUJSU J^. ijrij jl^t^- ji o.iS'ji _^JJ j5U V (Color Confmment - jU-^L f ijJVi)^ ^j^; 
j (Strange) t_j>Ji j(Charm) ^»-uJi j(down) u U-.ij(Up) Lf U-f : (Flavors -^l$&) ji ^tj_ii 3^ j-^^j 
i J^JS'i ljUi J— fri JL^ij (Ji-Sf) _j ,>S/0 1~» i*k_>i .(Bottom) } (Top) JyJi 
5iit_.s jjni. 4jj-iJ! ^ ^-li'ji j^Ji - iy j* J ji .(Particle Decay - ^i~~Jri JL*^) ^ — «— ; 3 — 1 — jJj 
.(^jii) .(1 964) f'j--^ Jtiij (George Zweig j(Mann- Mury Gell -ju-J^ c/jj-) 
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Jilj^l JUjSfi J-w*£ JjiU 

POISEUILLE'S LAW OF FLUID FLOW 
1840* US ji ^ 

u J)I\ £*\jzJ?(2) » ij*^ J^Mh Cv. JaiJai! 3 J> Lp ^ ( 1 ) JJL* 

.JjUJ! *>-jjjj ^'^jS r i J ^ L~Jxp (3) J c<JL>-L0i <s ^US ^Ji^aJ £j\ J\ 

0 Jli j t (WlLBER FORCE) jJi j t(GOTTHILF HAGEN)^L* 

.(HAGEN-POISEUILLE LAW) J^> r . - 
1840 jiU &U?1 ^ 
Charles - J^U) J> JUr-l jJL«2. j ^1 tfU- ^Jl J-*Sl - 
Sj^dt c^L^ yi c^lfxlur Jl Labi UL> >Jr^ S^wdJ sjLail J y>- 4_>-^ (Wilkes 

^jLc^ y£ ^ c^tsr J— j ^ ^^L-jJl ^L^il j>-\ tiJLJj (j^3j) aJL>- j o ^ ^e-i — 

>( lUJl Jy>- ; 1>JI 

.( Pcrcr Tchaikovsky 

S Asxdl C^LV ^Jl (> _^ -l^- JbU dJ^— Jl p-^^ <ZJ ^ J .j f ' ! ~~ 
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^1 jL> y>- tS' jjj Jwbw <L_i^P iaj^ SJLsij ^-JsLj Siiljto (^J ^ j y\$) j—^y. 

'.^Jj L*5j tdj'yci- a^otXjj ^LjLJI 5j>- jjj jljJLfj s yla-i; J^<->- ^y^> 




JiLJl a> jjJ ji^LiL* -jiji-j jJ^I J^L» — L j > jJVl ls^^ jy JjLJI iiit-Js J ^ ~ A 
-Physiologist - -Lip^i ^juttj ^UJ V- 5 (J-~*>i ^y^) ^ ^ y^ ^ J^6-^h 
.[Jean Louis Marie Poiseuille ( 1799-1 869) J^jjj <_<>. ^^o^] ^ 

^ y [Gotthilf Heinrich Ludwig Hagen ( 1 797- 1 884) dW ^> 

.(1839) ^ ^ iiUl *S%Ji ^jk*^ jJUrU Jl 
(1838) ^ (Ji—^ ^)<^*^JJt j ^S'JJl oiiTj jiUJUjJ c-^^^i j! JJL-(^ld^aJl JJ 

jij Jb V ^Jl i> j/Jl j oLi ^1 .ja JbAxJl jU^-Vi Oyu J^S/l Lip t( 1840) j^ Aju a jJ^> j 

^ (Laminar - LLt ) ji jslJs ^ : JJLJi ^ j^ j Jj'LJi J^yj 

<usl£T y'Lj (3^") I>lA~a/)U *>1>IS j^o (oU j jJbj U^U dj£j ji ,^xf.) a^jL-JI 
j j^o jl JuVj U5" t (<0 jjl J>-b I2JL J.I JaiJill jji^ - ULaii ji Sib j - 

S^S'j iy^sL?- ^jJ-*- ^jy^J o rli; *"^^ J - J *^ ^i^^i^*" 

A^J? C^llJaJ j <JUJ| I j— $J jj 
(I) J^^J /Jti' -btU jl Ji?-V .AjLb>til ^-Jr^ iUo? ^ Aj j>.w»Jt 5_jP fl\ ^ ^LjL*.- 
^L«Jbi ■ 2btji ^1 o j aJJ \£- j!> y ^ ' j-^Sfl yiii i_0.,/gi L* j*j — ^ * ^J.J i P j* ^ 

. . .Q A^Sj JjLJl jLi^?r ciwU (S y^is> 
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L^LPUaii^ (r 4 ) 4J*!>b^- j 111 JjLwJl a^<S oji L* v iipLja* ^ jLi 4— J-t- j 

2x2x2x2 = 16 Ji\ Ji ^) 2 

A^i^- ^JLil cLii 2^<S ^ o3 L^il Jr^T ^.ijl ^ 4 ^1 i ^ Ji ^r"' (16) 

4JL±^J 2 l _ 1 ^j!)S \1a (J— —j >;) 0 *jLa5 ol_i 
aJL>- <y> j c( Atherosclerosis - ow* >^ ^^^Uj") of u-^- ^ aJjUJi 

y*jtSl ^oLoj A^c-jii OyJ./-^ AjUaj ^ vJ^L-A'^Jl ^r* 2 -*-! .> j a ^alli Lg-iL; aJ^L-v-j 2yJ <Uls 

(1 ^jJl ^ J jjw-J t>3l j j &ajJI ^^{^ j\£ y>Vl iiU^Vl y y^^iJlj 

jj _j j-— o — Coronaries — 4_l>-Ui a_i ^»jji J-^p _^i) L^-tr l_j £Lp j Uj jjU — 

i^Jl^J J[ j ^L»-Lul a ^jkS jjj ^ ^1 I Ju^j liLv<2-« (ljvsar>- UJLl! 2LUa*JJ ^»jJl ^ 
SULajdl ^ £\ jj ^jji Jjj >£*r ( _s^- <Uj^ OJi >-j 2bL/aVI JJ aJU- jl^ L= 
) O jJ 15 ^^il ^w-jiii j ! ! S y> ( 1 6) jlJliC. JiL--' y t j> J _jj — 1.1 ^LjLaJI 
(iJuiib) ?ujL5_« Ji ^-^^^ (4*iJ) iia^l y_ c-jjjwL* jwaP (j:) LtJ jl j^ai 

J*>^>-j w^i-l c/'^u^ ^^"j"^^ ^ Jiutj cAjL>tjJi 3Li3Ul&V1 
\ La ^la^S-sii c^Lojtio.-! li! JjL-Ji Liat^> (16)^1^ <J.| J-ua^-J 4c * J\ ^li 

Ljl^j: siJJJLS' ( Jb— jj.) 0 y IS Jl ^U^Vb j 

^ik^* Siji&yi 3Liiib ^jij Us Lfcip jiW (>il 
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Ji dU» jji ^ v ^ ^JLk c^/iL. oi ^ j J-i* (Fight or Flight) 
^LUI r L^i ^ j) oc^Ji j^li j^J ^VUU dlL- ^ caj-^ ^ y^J! 

r 4 ) jJ-Ij 

^wistii Li jl^j>- (J-«"*J aijl Ji &Lt...t.Ji ^Ll ^^i* tiij^tll Ojl ol ^-JLaj jf/j C-> oj 

VI -LopV! 

2UpjV1 jLWSV* Jwail J^-Ai-ci^ jl .^WJi OL-JVI US'^y* siX-J^.j l^LJUs 

l? . i,i _« (1) (MDMA) jlip ^i^x^i aJ'ui! ^J-b j^^Ji ^ilJJ ^'Ui ij^aJ! 

js 5 ^ ^ ^ (J^ >: ) u jJij . (Ecstasy - ^•bu-S'i ) ^\ L-jjL4 



y j (0!*r/jJ> -Oc ^^^i (Cl 1 H 15 N02) utJ^ 3c4 -AD MA < I ) 
^\ jH j (Amphetamines - ^u^b-L.'Vi) iUiJ.^ ji_»it *UU- ^ ju^iJi j 5 j'jh ^ jLiJ 

ijljo^l ilJ\ iljl .iZjl J'+*di {J-*^ 1 ! ^yy* 1 iL. ji^Jt^jjl jC-\ ^fSxjj Ajf-Uj^lj ijjijjui dJlxiil 

. ji!) .ij Jut . JbJLiil k^^Ji ^ iiiLSl jiiJij it yiil Sj"SJ^ £^UJ ^-i 
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\J}jjZ&\ ^yLp ASyln' JcS' UL5i Ll» Hi jli 4_J.p j c^jL^I^ ^JbJ ^_->l k^jsi 

jt-~~>- ^J>3 .Alio OLa^aJ — LjLLajI L>5" — L* y ^j"^ 5' bjjCiS\ ^j.Ia:? L>JLlp I ^ w»-j 

jL> yJr^. a^Ip jILsj U5" Uiixi^ LjL^Ji 4^p ^ ^^J-Jl <j; y£ O^Xj ji ^Ji^ jl— ^1 
/j c^Ui jjji ^ JL^- Ail ( L5 iJJi) JjLJi jLj j - (Laminar - LS _sJaiO 

ij'bjM.- jLlpl f>_lP . .u j — <Lill£ djlili^j 4jw ^r>-l ^Jjl i^Lol CjI pLiLL5l j\ 

J yA\ oiSjJa^j .Ll_?t aJLp k.^La L$J ^jJi *Ij (Aorta - y _^V\S') 

i 

j;P ( 4-1^2 ) i Jjlj A^Pjl 3 jpr_J JL<oJ 4jIaPj (^"""i _^-) ^ iJLixJj! ^j^i ji 

o yUJl jJl3JU jli jJL5i (^-^j (Jr^J *<* l - <> ^' jj^^ v±AiJ i_j ^w\Jl < g'-e-jij 
J ^4 Jj'U (Viscosity ^ j^J) jI^lL. joj^ ^ LJL^p (J^ w) j y li ^Lb^*4 ^^^j: 



p^JlSUli - LJL-£- ^JLJi <j*^ (.j^vj - AP Vi^j iaJLJj iajtJail ij^iJ 5jLbi£ 

JpliuS'— ^ wVl (iJJi J J? yfc (L) ote js^j^U j Q s^J ^0 AP/L i^^* 

j ^y^AH ^jLjf**-*^ ((j-^) ^! 3 ^ e3 _J ((j") ^rV*' (*^. t^L"^ <j^H <Sy^ > ^ 

.j dy U3l ((i Uj^ jj) J JJLJl 2^ jjJ ji^L. JUL" (Slop) 

Lionel Robert cr --j o-vj j 1 0-^ ^* <j-* J 

- J_^) 5^Ur ^ *Lij*i5i > Up u! -jJ-o ^ — ft ^ [ Wilber Force ( 1 86 1 - 1 944 

(1891)^^ hj&y (Liverpool 

— ^Lf- 4 * j( aJ^LL^ <ol ft-Jaj l) ^.JLaJLij 

. i2) (Slash Pine Trees - j>"%* uL^ jj jb^ii j) £ _ 

tjls^iVl d2) c^ljl ^rjjJ j—i-^? <L^j>J\ dlJS eLJWl j»LJ 



jls>*fj aV—J' jlj>~-Vt i-jU-j ^j'JLJl^ jbjjJi Uj^" v 1 --' *»r ) °*y. J j j-V 1 "l— • - Oleoresin _ji Resin (II 

^ J . j g jlp <^LaJi ^^-Ji 5^U J) jy- J_^;tj_»W ^UvaJ_j»i ^b^ - Varnish ^J-i jUJO w-l— x^-S J J 

j^Sfi JLt - ^ y*Sft J^xJl^ ^LiM^i jy. ^ j_^_Ji! jU^Sfi j -Slash Pine Trees (2) 

ir ^^i .i^i UjiijjL. j (t> 18 - 30) (South Carolina '~>^ s^j^y^^ LjJLi* 
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w^jIjS'I JUjc^I (Jj ^1* ^^p) l^JU-Lxs-l J~J Sjj-^Jl jJiii ^ <^ jcJi ^JLsil till cl^Li 

(o^b^jjJl) oJlp U .. - . ^ 7 k^wuij tj ^UJi (_cjl5 jUJ-i 2lJ ^Ji ktiiii j <U 

. AjLUtf> IL. U o ^iai <J-1^ ^J^- bit^jaj J SJLtli y> JJS- 4j ia-J- ^^gX^l 



^jol^dJl *_JLi2Xj ,^uL<ail ^jiJ^sJl oL_^ ..LSI JjLl«j y>r ^gJ? (J^iaJ iil L* • 

3uJiJi 4Lh*}\ ^Jbr J,i oJjl jjl ^j6\ O^L-^S" jb j i LU« ^^Ip A_;>-lx3l 

j^-i Lo I il Syup c — o (Infarcted) l_$Jlii>-l Jj (Eschemic) S^ii! 

JUjC^I ( c t~-i ^i) 4 - 5 _jj^l5 J..!?:!! IJl* . Jaii o Jsl iJa-*./i\ jU^xJi dXii 
L^j (juL/ail oL>- illjj ;Al./g:!ki <L^-lJl L^-UjI^w ^r* 1 A—JLaJi y.L~lLi 51>cJll C-> 1 J ^JlJl 



:3 j>ju Jljli 

Kurt Pedersen. (Jean Poiseuille)! in Dictionary of Scientific Biography. 
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Jean Poiseuille J-^~i ^.j^] ^ >ii A-^pVi UiiU^ ^ILc- _j ^k:^ J— Ij 
^jIj aj^jl. ^ tJJl wJl oL.^ J *Jb»j>f j «MjL>^. ^^si ^j-5ij [1797-1869 
l-— (1797) ^ 1_p 342 ■•• {hjK a_*^ <y jji^ ( JuJb>-i . a^-j yii! 
Jip^^ii (1 799) y»>j t(iiJi JJi ti__<Jjiii ■> 3 : ...^fli\ j ^ - ^» ij ^ 

.(1828)^ c^i y-^ ou; 
ob^>i) - (Recberchesur la Force du Coeur Aortique) 5J ta-jj^pti 

(Thomas Soderqvist - ^i* ^) jlp .*pUjIj UjJjj ^aJi -W^ ^u^jl 

<0 jv^Ul j jiJU.Ult i^il JLI ^ j^3l I^W= i vr* j^si* J* -UJUJU 

^^.J iJ j£ ^L-yai^l j L^sl* jl Ot£»b j t« j*^ SjilJUA* j <Ul* 3i-b 

s j^U ; t£j*4f*^lj4Jly>J^^L01 .(oL^U^Jb £-L^Ul<d 

iu^iil c-j ^Jlj a^^JUJI ijlj ^ JjJjtJi 2jL^! dJiJiS" (J-ww-j^j)^ -Li! 

a 

.(1832) ^ to3j_j*yi ^ ^jlSI a£ j>- J • 
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.(1839) ftp \ ytJJl 4^PjVl J& ^ jji l£ j>- Aa^Js j L3ujl« j CU>cj • 

.(1840) f ^ cjU^S'i 3 >^ ^.uVi ^JJi^Jl ^ ^ • 

3"^>- ^ Ob c^jl^ — oil^Jio _^ — aJLo^-I ^g.iil ( Jjij j 

M- 5 ^) t> ^ jh-^ ( 1 860) ^ J v-^oi ^ lJL» iiiiA3t ^^bV^ jVI 

.L$J JlJL^jVI ^j'IJlJU ULp LijjU ( 1 860) ftp ^ t^rij^. 

i-ijyJ.^ (1) yU3i JUi^i^ (1838)^Lp ^ t j ; ^^ol5'(J : ^^)olj (i ^' U^^JL«j 

f Lp ~63y> y Ju y ^j^vJT ^_->jb>*Ji Jj wbtil e-l 1 ^Jf ^ 4-Ow^b f ^Jl 

j5U<_d 0b^>- jlai>> JjUc« y ^1 4~>b 4i">b»Jt 0_j-Jbi3l IJ ^-i^jj .(1840) 
.aJU-1.5 Ja.-itJa5l jJj jLL_L«j ^jJ^J ^J^M^Jl ^lagti^ ^ (Q) 

iaij? ^,-blJ AJU j ^ a w> cJlS" ^1 ^JuVi dAiJii" ^j—jii-i uiLp J^p 

j^jSCc Las' — ^ ^Jl 1^2 ytj 6 j r r /s\\ jjo t (j^!^ — c(f-L^ i? l» I) <dL*jti*>jl ^ ^1? i ^ r P ^»jJ! 

C^b ^*-v=a iJL» O-'IS' lij cob'Ljj ,^.....4 r i cl^>- \ ( JS' J.I *lL^s _Jj dJ! jji ( ^ip ^"uj'-Pj ^jJl 

JiJbJ^^xJi Jr-I ^- jL>- Jjb^ - ^jj! ^jIpUjI yri^i^^l ^jb^Jl JSC; ia^ 2Uor 
SLLaJ-I 5*pjV^ ^ d^Ux^-Vi (J^j y.) )^ t( j^j>tJij IaJb>txiJ ^jJ-dJt 

JLjL-J ^ j&j .L^J tb\b ^jii ^ T^Xjt^iS j t?^b>-jil k w ^jb t yi Aia^t^j d ^>-b 



i ^it OoliJi Sjt^Ja V ^ SlX^tj ^ (1840)^ J* (Jf-r^i^l) 6 0 ybsil (j^_J 

.VI ^-J *J:>Uit jJUbJ Lb 0j Lxpb ^S"! til ^ [7i/8|i ] y> ^ 4ikbw J 
lil Lgjw b.> ^1? bj-^^Uj j -Gjl 4^- ^JLp [Q] ^b-Jl ^ SiiwLit ^531 ^bs^f-i <-^bjl <jj 

J**J»jLi^) v^'Jy (Louis A. Bloomfield - ^ .t_ct ^—o^J) 

d\ijr is-j-j ^Jp ^1 &JU>J,I J-*lj«Jl i^- ^ ^ -Lj-I Oj-SudlJ-awV)) 

■ AA— /> AiJS A^sS^C^ J— -J»Jl)^ijXJ^ki J^^jl tcA.^-^ t-U^j^ jl 

^ — *° j 

3 (^3/4-51) j (^i 5/8 -5i) b>,bi Ujs sl-^^I S^l^Ii <^Lj.V^i ^ j_JLJ-l 
3UL.15 y^V 01 VI (gy\ ^ 1/8 = 5/8-6/8) o^^m V ^>3l^/ 

j;LJi jybiSi Jj yJi ^ [Heinvich Ludwig Hagan (1747-1884 
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Franz - ?\ >] JliVi cbj^i 3 Jj: 5 . ( 1 860 ) r \ — p ^ 
JS* (n/(8fi ) J--*^) cnliJ M*^ 1 o^cf [(Newmann (1798-1895 



Hloornlidd, Louis A.. lftn\ Tittup Work: The Phy.wo r>l F.veryilu\ Life 
(Hoboketi, N..I : John Wiley & Sons, 2<X>6). 

Pedcrsen. Kuri. "Jean Pobeuille." in Dutu/ntin ofSi iemifk Uh^raphy. Charles 
(■illisptc. cdilor-in-chicf (Now York: Charles Scribner's Soiib. 1 970). 

Sehopmeycr. C. S.. f-runcois Mergcn. and llmmas < '. Fi vans. "Applicability of 
Poiseuillo's Law 10 r : .xud;ilion of Oleoresm from Wounds on Slash Pine.'" I'lutu 
Physinfoxy, 29( 1 ): S2. 1S>54. 

Sudcujvjsl. Iluimab. Ilie Historiography oj tontetfr/iorary Scicmv ami 
technology (Amsterdam, The Netherlands: Harwood Academic Publisher*. 

"Viscosity." Transtronics. Inc.: see xironies.com/refcrence/viscosity. htm. 






—t - Wikipedia i >i 5-^- ^iJ < 1 ) 
>r *r jii . ( 1 702 ? -) o — ^V] 
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iJap^^ JJ^ ^) 1JL» j .3^31 j f j&Mi ^J^i 5 j*A» t ^ ** 5?iaj1 

The Principle - jsiai ^ ?-u) jU- •** <W« o oi ^ . ou> j^) 

^\ u j&i ^ijdJJ ^ ol» aJM lj» ^ ^jjij (of Moximum Diversity 

5JLd jJ< (jfcLJl Lull ^/iy (^JUl j^Lall^ jsii iL_»J lJLs»- 4JU& 4=^1 J— * J^J Igff fXi 
..." i> Jt?*j »j^>jw<^ji*-«j^JJl iJlfc L-S'jS'oij Ojva£*ll £1 jli 3j*>*11 3_*Ja*3l 

» f jllj^^pJi ^JIjO? jkj* ^V>h i-br l^l*^U^J^Ij5jjla^lj jajL^lj^ jJlill 

Freeman Dyson* (New Mercies. The Price and Promise of Human 
progress). Science & Spirit. July / August. 11 (3) t 17. 2000. 

SJu^LsJI )^^ui^Xi AjLjS ((ItLuL^j^pljtljU^Ult) *U^» ^-.j.j>. A U ^LSSt <>« 

jj>l5«i) dcUil lJUil dJJi ^ j aaJ £• j 4sJ jS* j Aadi j U 0 j-ili ibl^l V • 
io-flJ-l jsiw j! jJLGl jwai! Af^ Ig^pi ^1 le~J£\ J&- bUspl j <Ul LL*? j; ^JJl ^^ixU j 

. . . k-Uj- tijAit CJlS" 1^51 J US' J*UsIl - US'! jjl Jl 
Lee Smolin* (Never Say Always). New Scientist. September 23. 2006. 
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j& (The Superstring Theory - ajsiaii a-j ^) 01 u) ^ x^J • 

^r-^' j >SI» ^ - a j US' ! ! (500 SjSK 1 0)^ 

V- jJi .^.Ji j» (Municipal Code of Nairobi ^j^-JU) y^ i ■■ n s ^J^j 

George Johnson< (Why Is Fundemental Physics So Messy ?) 
WIRED magazine, Feberuary< 2007. 
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2Libj«tfl Ufeaij J*U*U j^U 

JOULFS LAW OF ELECTRIC HEATING 
:1840 Jjibjj ^ 

GLAUSIUS'S)^ >l I^LjjlU^j jyjj c(JOHN DALTON)^0 ^ 
JJL>Ji j^J^L^j^il^Jj^bl >U y j t(LAW OFTHERMODYN AMICS 
t (FARAD AY'S LAWS OF INDCTION AND ELECTROLYSIS) 
^FOURIER'S LAW OFHEAT CONDUCTION)^ >l J^dJo^ jylij 
j jVi j yLi5l j i (THE JOULE - THOMSON EFFECT ) Cj^^y ~ ja-frj 
.(THE FIRST LAW OF THE RMODYNAMICS) 2ui >l lSL.hj.AlJ 
:1S40 ^ U il^i > 

.^lUl ^ (j^V)^^^.^ j J ( t _ jr Ji*Jl Lilkiy.) - 

.(Frierich Kohlrouch - J-j £>j~\±}) jli^! j\ijJ^ jJj - 

Kohl - a^LAi J^^JJ ^ ^^.y^ 1 J*- 9 J- y^ 1 1 
.[(799 u^Y (rauch's Law of Conductivity 
-^1 yJ^^^Sf^i/^Vi *ei y. (Samuel Morse - ^ Jj^l^)^ - 
.jju ^aJi JjL. ji y.i aJT^j - (Telegraph 
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II = K • R I 2 • t, 



- jUJl jLUL. j (Ohm - f jVb) 5^Uit ^1 Jb>- ^ ii>| j jLJl dJlJi j_j y 

^JL— — * (Calory - hj 1 '° y*—^)^ y 1 - 5 .? (Second - ZjU&L) j+jh _? (Ampere 
- J^l) ^lub-^ 5jl y^l o~~ J lilj .J /Jbjl y o ^ 0.2390 (K)ooliil <UJ 

.( 1 ) jb-i yi (K) *--5 £Lu~i (Joule 

. jy U5l j^LaJ J-bw c-jL^xj v jLdl jU^t ^wL>^b 

aJ a jiy-i j-S'jij jJyJ Uia^ Lki ^a^uJ jji j (Electrosurgical - ^ ^^Ji *^^) 
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jJi i^L—aj Sjl^J? ^* o jUJl jJUiL* Jl J^L_3cd1 < l?i?!i Ji 

4JI) j-^Ji ^gJ-l i la ail ay b <L»jli» J^r -i^-ij U-fcXiJ . (45 jj ^1^1 ^gLjajJi S~~^ 

j yYs Ji (t) J-^>Uil)] jLxJl j^ytf^ (J^- j^t^ jW^ ^" J-^ 5 ^' 

. aJLj^S" a ^JsU 4JLJb ^ip jUJJ ji i yM Awsl Sia^ul LJIS 4j ^-SotJi ^JLj* [((J ^_ >- 

i_^JL$Jlj ^ yuli Lai j aJL_j ^ JlxiJi ^yb^^Ji L-JaJiJl (^,-Jj) 4JLJbj J^*- 0 . j*-^"*^ L-o^ 

jLxJl _y t Js' j-<-*j ) A^jjJLl ^ jj jJi olji "-^IksVl Jajcu^xs tdJUjc^! ^ <uJL£ ;>} J _ i.i 
<L?-L~_4 ^Lp ojl ^r— ^-1 j-^j ^-C- (J-*^ ( _ S JS j) L. ;~~J <u^*jdi 1? ■'.■ty olji la^Vi ^J_»jt^«J j 

JLpI) inklJL* ^ (Sale — J : .») 4jjj-a S j-JL" ^ aaJLU (J yr) « Jj>LxJ ^J-Jjbj J__^ • 

Ji£ .i^U U yL. (772.55) aa*Ji i^-*^ lJUsu ^ ^ (Greater Manchester - 

aIaju J jaI^j! ,L^*-^>- j^p Jjlll (^iJ ^jiii - 4jb ^^vJl A*a'jJl I yi\) o&iy. ^Li J*) 1 ^ 
.L^jLp S^JJl* oiajLj.' L^i^ ^|-*>ti; ii^-^i) cJi?j "uJj«j L,.. t j j .< 
[ulius Robert Von Mayer Js*of ^-y.jj ^ yr\ jUS/i ^^j-iJi j ^ jr- • 

^ji jli) ^Ju ^jydi s^ii i^sJi ^3L^l -JL^^j* ^ [1814-1878 
aji \ J i \^f&>*> aj jl4 *i ^ij (The Mechauical Equivalent of Heat) (1-3 ji^U 
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^p*-^ * ./S-"*^ i» ^P o^ij "Cjv' j^O (j 

( j^>- JjujL* (. . , ^Jl <c33 5JLS AiLi-j) jUt^Vi JjL>-j L»U L— Ijl^fj^ j^^* ^ .rP^ 

y» jis" j (Thermodynamics - *->J J~\ f ^JLJ^^Ji px*S\ j-^ 

V> 4-1 f4>^ i+i*^ J^J ^fi jji^ >^ U&k y Jt^rj ^d^r j 

L. Rosenfeldc (James Joule) in Dictionar}' of Scientific Biograply. 

James Joulec <On the Rerefaction and Condensation of Air)> Philosophical Magazine 1845 
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cJy>- J—-. Ji jS c-JlS" ^.LJJjVij j— iJU (Darwinism - 

AJLj-iii ^ aJJs j*>Uj) ki^- oaJ ^^b^i^Vl j-Uf ,^>- iSljJl .>L*il_j .s^Ul 
o>bkSCU - J6\il ,^«i*Jl y^' |t-»iU^i ) ^3 

James C. Crowther. (British Scientists of the Nineteenth Century). 

(j ^>-)pj£^ ^ii^j ^b>J i3j'-lt ^j^-^jLsajl j^laDi 2^*23 j ^aj ( i y>nJt)^ yJ\ L^Ip ^ * — 

Ojl ^j-l ^JjLa^-j i^jjL^j ^_J&liil JLo^vSl CjLjjL^II 3 ^jj>- j o ^jl> di^L-o <J^!_J (ij ^J^)^^ 

William H. Cropper. (Great Physicists) 

[James Joule (1818-1889) J>^r ~r : JLU^JI v <->'^ 1 ] j 
otf" . UajjJi (Manchester - - ^) ^li- ^ (Salford - a j ) 

— o~^>r j " aJIjjI ^-J-«j ^JLp- y>- Ji ^ cSjti-l a^Lu^j ^o-^xlJ L»:.,^?^ t^JULc Ij *y>->-j ojJU 
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Jpy^^b ^i-(John Dalton-^Jbo^)] j&zM jL-k^i 

^ oVS- 1 ( 1 837 ) f u ^ j ( 1 834) f ip ^ s /iii JJLL' ^ [ILL- aj^ 1 ^' jL^ 

jLo^jl ,,iJjj> ^ y y L» (^U aJUs) 3^jt j^JjJj Lr r J '-> J ^ '-J^ (^^) ^-^^ ^ •(* 

^JL* 4jL>- y« o jjillj A iLJuJi liilj J y- UL>-V <U*jjj (J ^=r) J » 

3iia-^i as yti! o2\yu* s $\ ^ 4^L£-I t _^jp j J j ^j^^a^-J* j ylJ y» j^^S ji^-^ 

pUabl jjJb- jl ^—S'JJL; ^jjJr) .(O^^J^L-iJl <_oLj^«V i^il ^y^ii <J^_>Jl 

jx&j> tojliisi <L< yd ^jP-jS j „\Sj i-Lv?! C-Jli" ^-JL <loLaj ( j j >-) 

4jJ yjl C->l y^J 4xla>-*!Ai L- y C->l yj <JU>1 y J-LL j Alb j i_**Lj (yjjJl ( J 015" Lj 

yij yJ <_< jJ j y^-l_J o.>L*^Jl ^ P ^>r ^ Ji wbJJj j\S" 1*5" ;LeJb LjjU-^o <J>\5 3_jjLLu 

y (1847)^»L_P ^ £jj> tb-» y» LjjJj^s Lsx-^* o J) (J ^Julfi- J ii 

L$JU*r j v^ 1 -' J^. (I ^ j (Alice Amelia - LJL.1 oT Ji) 5 — ;Vi 

JL>- ,3^1^ ^ (J-^-jJt y^ 1 ) *L2ai5 Lo^lJU-j OjCi Jl Lbjl j^r ( J^>*j) JiLi^-^fl yo 

oji y>- ^ 3 yi3l ^La i5jl?xi (ji jP _>»-C,) jb»J— X* iiSi <i ^i-*J J yr ^- ^-^>- 

iJ^P ^_jLoi^ Lv^jjL* . L*rj>o ji^ t lUjif. SJ j LL» Axk^waJi ^VyA JL>-I ^ .\a 

JJl ili^il y« sJLjL^J' <j^L»^JI i^-jamj Lo^JLjLJ oi-iij La^JIcI y <j^jjoJ L» Lilii ii 

(3 J">LiJi Sjl y>- aj>-j^ (j v*j ?rj 5ji*i>- iiLL> * 1 (<J (_£- ^ 
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. JUji-J! aiL^ ^ f as (800)^ 
(Jl AJUJi L^JL>- "^yj ^j->L_p col ^» j^Sl ^-jjJl a^^>Ip ^j_J 
Sl> jtJi sJjbJl JL>- ^»Ju .tji;^ aLi^p ^ a5 y 0i ~Uj (1854) ^Lc- di^j ajwVj^I ! -^jL=- 

, Aj jU^ ^ l£AJU L»UaS tiT _j ajCj [Si j Ijl ^1 JS\ oL>- ,Jl O^jil ( tSy>r ) 

Philosophical a_^lJU3i o>ijl^4Vi) a^.^ Jj aJ aJu j J (Jj_sr) 

J^j (Transactions 

(Wales - jJbj) r^^-a^ia* j^vs^ Ja^^ii jJ*Ut j tout oUri dLi? 

o j^j a— vjLj jtf'L oi (Scotland - -u 4 ^ o j 

t0>« 249(^jL-iU^)UJii(817)UjiJkA. J ^J%a^ (rf ;ili r Jt-ii»j5-i 
ic **jj> (Niagara - j4» S;i ^ *sr;i <i j& d\ *£ /Sf ^v* <U^j 

.((.(!>• 48) j^.M 

j ^7 S jl 2L*5l5 ( J^uiil ) iaSL-Jt ^ylil ^— J^i J AJiSl*! iLi^- ^>Ui LJU yji* 

^-'^rj^^y 0.55c>0»*-^-^^ A^rj^i! ^^L^j Lc.Ajji aj^ ^^k- Sjili 

.aJs Ai'l^* ^ - \ Ji» 234 J^-i — (768) c j^3 (Aiiiail jji^lS* 
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aJVLli ji\ SLa^U (1873) f^p iJ'^'J^' (_s"^ ^UiSCji ^ ^jdaxi* Jiiil 

jp - if-i j\ Up 3^ *Li \ 'My* - ilpr VI j jSyj - J jUOcM ( JU7j 

Ol — fats' j^t j a^allj j (t**^ ^ j 1 ^ 1 *^ y>*^o*~ 6^*3 

aJU- ^ Ji ^1) IJl* ^Lp '*■*■* j-*^^ ; «j 0 j*s- ^y> "ojt^s- A_*-^bJl 

oLLJidiL'^JUpI _j <bj'j>I) iULoUblj iijL;L-j>- ^ ATJjj ( J ) j-fli'l JLil . LJta ^sl^-l rtliij 

Jiap_j 0 J-iiP c^s L» ^j^j '^l 1 ^^ ^~r*$ ^~^^>. <J>\ ij \j>j$y (j-* ^ 

Lojlj) ji^-aii "^TJ^ iS dJLdxll 3 -JLflJkl L^jt^iij ■V^^i aSXJJ JbwLjJl 3jL_iil 

y+i "a jLJ-t _jki^i cJlS" (Thermodynamics 

^OjI JL_flJ 

Sj J*>UaJl jil^ O^L^ £JcS\ 0 { 1 830S) oLjU 1 J">^>- 
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\ y ^iLj ( Jii J,l jL_^cJi islif Jj * jJ-i ^ J^^* c> J^* j <UjL>c-Jl ^yl^ii 3ei iff j\ JL_iL« 

i j) - Thermodynamics - ^ji^M lO~^xJl ^ y*J J^Ltfl i5 /^l! Ijl* l>15j 
Clausius's Law of Thermodynamics) .- *>j ^M-^ u^j^ ^ y^^s-^ 

J^iw*) j_j^iJl ^ j_J5sJ^ r ! ^.JLjjjjjJtj ^-JL-a^SvJl ^_JL*Jl Ljajl 3 di-Jj | ^«_ i> jy> jSj 

O-^Jb ^53i J-J^j ci^i^j Li yli) LiU jJiii] .(Michael Faraday t/Wj-« 
c~J-l Sj-fcUsi ^Jj t [Faraday's Law of Induction and Electrolysis - 

^ojL*JI ^o^>til ^ ^ ib-V >— l» Jjt ^—-JssLioj j^>Jl 

2uS"l» J-S ^y* (Work) J^ciit Ji-iJl jlJlJb Lv*j U ji l y>J„ ( yisij J-oL/ai:.* 

.L^jij^l *J ^ ^Uu' oi j JbV (Heat) 'ojM jyj itf iff ji 

Jj Jjlil jyuj 43 J /r» j^vil l^J j-Ui ^jts yja^A ^ip ijj! jX\ i5lkil 

Jp(2) <'>(Work) Ji^ii ^ (838) U Uli ^ ( 1 840s) ^ ^Ui 

8jL*j_j X 0 *-^*-^ i^L^j i>-ji) Ljjjl i>-jj> cr* ( s *-^ > '^_j a j} Oy**^*^ 



ijsl^t j^i*J (Distance oLJLJwJ (Force) » j_» ik^i^ *J^*J.i 2iUai! j\x-L> _y»<i_ ! ^i l i i ^J_fcjJt- Work (1) 
.(Gaspard - Gustave Coriolis - ^^jij^S" Oi^-J" - (f _i.U i Ji_^ i$ J -'*k-?t,U_. j_> Jy (Scaler; 

.(^ ^) .^Lk^ jyd UJ^Tji fltu^ iUdii iiiyi jljJU yi-ji^i tS^-lSlii ^ j [Ek,= l / 2 m )(V, 2 - V, 2 )] 
i } \J-\^P^ oj_Jji»LJ.^..Li^j*. _j ^(Fahrenheit) ojL^j (Pound) JjJ^j (foot) f j^Ji^i^*- _j (2) 
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aA>-)j aAs-j a j^"! (*J-^ (J**~^ ^wo-O^j-* 4-*^! ^j^J- ^3 ^tJsjl 

>es ^Jl^Lll (J*jJl)^,jut« jlJui Lie Jj^L-ll^ aLlii! SjI yJ-l SLxhS' ^.Laj jiLp l^J ^4 j 
2L*-*JrL iJL>- cJU^l (^il) Aj'^Ji C-JtLj ^g*^' (J^) £j^> -^J 

join. SjJ__dJ Sjl ^s^l^l JjLJil iL^J 

l_cAJl ^1 jl Jiipl y (783) ^U^JjJi J| a J>S ajjt> I ^ <-r'jl4 (J>t) J-* 9 ^ JuJ 

tiipjJl ) "aju ^bic^b liiLu 4jL*j>- Jj J— *^ y ^ V* ° ^ ^1 J-^ y 

.(Friction Method - *Jl£^T» j 
jA-iJ^CJUjb-fJki 772.55) j»j iSji^-J-1 ji^^yjji^^^yi^— JJ- 

isr t/* ( jk*^ ^1/* 5-^1 j 5jJ) 5jl y A»r j ^ yd ^Ja-o ^5 j^—e JUp ailajl jJl 

.4*^^(61)^^1(60) 

jLJl jl y»l ^ SjJ Sjl ytl jIjlJL* v_^Lj" SJLJb- oLjI J,! (J J^_jJ ( 1 840) f '-c- ^ j 
.Lgjli ijJL>tX-Jkl <L«^Lal1 SajS ^JJL» ^ sii-^ 3-<k_3 3 -^^» (j*!>' , ->- j-fc^^ 

*LLlJ±J1 ijjI^J-i o-I ^oiiJi ^Li Lfrij *UL» aJU^S' oyli J">Ij»- jlit ^yLj ^^^i^ jW^^ 

Jj-iytj .-jjb^xJi diW^l ^i^-wi- ( J ) OIS" {^iJi ybUl ^*->vJi .5_^.LJl 

Jl J-»y Ji5(J _pr)^(1843 fU ^ ^iAJi ji^r^i ^ 4P_^L ^jlpj 

— 648 — 



: L» jjj (Sji yJj 2L5ljl5Lii aaJLSi 
^jjtiiU o wi5j — o jL^pI AillaJl £j jji SiLS" ^ ii jlij l^i^ .> jj ^pLL^I Li 

*\£i>\ pi>jj .(Principle of Conservation of Energy - a-JUJi Ja*>- 

iiJi (J*iJb) u«>- .lJ j [William Thomson (1824-1907) 

^1 j aj^XdJi (Caloric Theory - l$J J-< ^UJi ) ^ 

^>r i j) 0 jt yt-l L^Jl c i— «^ J^^' J.I 5jl>-LJI 0 >L_Ii ^ ;U JSL-ijj OJ j 

Fourier's Law of Heat Conduction -ijjj-) Jw» yii^jyoyii- 

(1847) ^Lp ^ (Manchester - iJU) 
u>jL-i^\ j 4& j—fc ^ iijlt 5-i jftc (Heat Substance - y-i «jUi) 
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jJUtJf "if 3— f! J**.J 1 "^J . Oj J 1/ J (3-S j*p) 3.SU Igj jSy L^P uH^uj 

j^Jp »i .•n^lijv oJur * j-> (Kinetic Energy r ~&&) 
jj* t if j U ^ Jij o^i .(Potential Energy - a-wtf JUifc) jX^ 

j^U-AJiiUlftUp • 5 j^i^ >" b*jUp1 L^jr^^j ;«-U«Jl J*>W- 

. (( Ji&t JJ l^j UbjJ j jS\ Jl l$Srti- b *Jlfaf j a Jill JlSLi I jSLi^ 

: Jiij^ id y>i!>\ *j&>\)xsy&) (Ezekial- Ju^o^t Ju- 

^ J\ j SJivftjdl wcjt js-J ^-3^*- ^0 b^L-jrb (V*^ b>^p)) 

j£fi 4ij t y-rjJOl^-*^ Ll&J^j b-i^-jlj t *l_^H^ *J ^tsS^j L-PjiSl 

' ' * . ( j 

jly^l Jlbi i fl i4!? JUJl j&MIk^.) >cr iCiJljj4illaJi JtiLitj* ylJSLi^l 



— 650 — 



i^ij ^Ji (1) (Ezekial Jls^) J^i j^j^J of Ml La jjl^ V ^ s J* e ^j 
J^-Uw ^^.—-j kty V J-V^^ij^j iv' 1 jk— ^'j 

:^JUI a^bji akuii j^jj (Joule - Thomson Effect - y - J ^ 




.^ii (2) ( Entropy) aJ&Vi ts^^-> 
(Joul - Thomson - Coefficient - _y - J ^ Ljr^ ^ 3 



jXj&eji} t^iJl (Ji&l _j (-J.'*J J-JUw. &\ - a.^ j *Jj>- ^ JJl) i> jyJL. j_* ( _ f _* i ^ -Hzekiel ( 1 ) 

^■^<j 3&*i ^Ul S > J^-U f .j 500 J\ j*- ^£ jji JLkJ jj ^U- f.j&l 

3_^-Jl >^J j>>- ^ tj-- ^ ■Jf'j 4/ C-e*^)«^»r J U ^ (22) Jl ^y- tJui '1 ■"jI^-j'j sU^j 

^1 j ^-i j ^^L-Jl 0 ^tJlj vt}sS »ji JoJjt Ui .S_.J^S.I ^JiP ! dJli^ '_«s>wi juj^j^uj i—Jiit ^ ^ ^ ^r*-^* Cr" 

i5L.bjJi) f ^ ^ (h) i«3 (Specific Enthalpy - i^uU UUi'if* j(H)^j*j>j C*-^^ J) -Entropy (2) 
h j\ J-\ i5L.ijjvJi o-Urf ^ Jj-i ^ _j (Molecular Chemistry - j (Thermodynamics - s_. jiy-i 

jU. ^ikJ jJU-LJi aikJi^<^ji_J-i j\jju o'j^j (W^VO W^jt^i (AH) 5_Jki^i ^ jt-jdi 

; lJLl» Jl Uaj\ ^c-^ ^ ^ f jXJj ^ 1 ^jJl (Work - J*-^) jl > >' aJ| liUa^ t^i^^ ; ~j 
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if 

.v^oL 1 Jai^ (Molar Specific Heat) h lj\ J-\ jIjjl. - Cp j 

. jliil ^^s£ ptiaJl IJufc j! l^iU=l jS ^ ^juJb 5j! ^J-l 

oLL^i^li jaju (Joule - Thomson Coefficient - j y - j yr) J-*^ 01 
orj^ ifl ^>^J _j (Joule - Thomson Inversion Temperature - j y 

bto^pi (.viXlj j y*dl\ ~oJ\ OrjJs (^JlL^jj ,4j yL^aJl 4X<>-3 Ju»l*Il UbJUP ^jL-j ^1 Oji^—^-l 
^^^^j <,L> jlP ( J jj£ 5j>- jJ>) <J j_aJ ^Ji a y j—^ ^^tj^ c^ljjJl jlxli ^ y (_c-^ 
JLLP^ , IgjUi^- ^ 0 O^IS Jt>^>- ^* Lji'^li'j J_LP U«.'^ fl j ^S^nll <zj\ jLiJl vii_Jj 

. SJt>L^J\ i^^kJl ij&^J-5 jC^j jUJi diij (Lfi^ 1 Or J^^J-^^ yUo>L>- j.5 

^ ^'lLs JL.11 j J—^^S ^ J,Lj JIp (3^1?^ 5 ^j.'Ll^ a jou^j o^lii L>d3 J l*i 

1 j j Ubjl> ybj jliJl (_c -ju (iJjli (aj Or 25) a^LipVI lj\j-J-\ o-j^ c3j Jb j^_j>J.! 

Or 78 — ) Sjt Or jJj SjJu^Ji i-^l^-l ^tiili ^Ij^L ^ ^^-j o^iJi JtXk ^ 

(J*^L>- lA^a^Uaj! J ip j* yL4\* >; jjJL^Ji <Sj^ &\ * 2L>-1) ^ *j . ( a_> jJL« 

, Aj^L^VI o j«JI lj\ j>- Orji i— cr ~ii L*^jL)1j>- i— ?l_Jsi ^ 3Jjj>Jj o^jJwaJl ^b^Lajl 

(James Joule - Jjpt u r-^r) (1> ^>ii dlii 

( 1852)^ ^ Ui^j i as ui^^UJi (William Thomson - y ^j) j 



,((^>r .^r^i J-»i ^ - Comitted Christians (1 ) 



The Joille — j y — J j— >- jJU) ^J&l JjJ .^ljL_*jl .>JLC yaj\,yg>- J y>- oi^-J-C. 

L.i) <.LpLwi> c^ijUii aiu-j cjLL^- 3L*,-jbf j^p- ^ _jJi lL^- (Thomson Effect 

. (^->b^Jl Lbb Jlki ^ j{p- ^JLJ <l)}> ^j&j 
Jdj 3 JjJIA JoXjcA) Jjy aJI "VI s ^ jl -bJji-i J>j ( 1 86 1 ) f ^ J^>- J^l 

j^-^Jlil e Q-^ — a ^j) jl"J^ KAiJ,,^ \ £w*jJ 4-flJ ^L? 0 jyj£3 <15Laij (J ) ( Jjj j\ yjs£~-\ 

I^Jla iiJJi ^ Cf ^fr'^*^ ji*"^ L s^ p ^ 3j5\il ( JiLi c-oU-I 

XmS\ 01 -U) Jaiii j& j ^Lfc^»j l^Uit-) (jli OljUJl J ^/a*^ U Lot j ....)) 
SijUJl ^^L« ^ JUiil ^Ij^- A*^ ^it- <ui ^JJ! ^i^^^i^J^^iiU 

.((iM^l ^ Jl Xs-j V ^JDl ^r-^ 1 if ^ff> % ^ 

J^-U Si ^«JLj«j 3 4_>-*l> cvyi Jij Si j (j: ^SLiJl o ^p^j Jl—iilj (J-c^' *H j 

JJ (The Copley Medal - ^1>.£ a_J-V) < J ^ ) ^ ( 1 870) f Up ^ j 

.(1887)^(1872)^^^1 

(Jl L^a o^.U>-l j t^jjl j S.Jb^S'j A^^Ljl^w* ^ Sjilx^xll SiliaJl C^-L^j ^jj ^ 

iSiiJi Ji^Lii jL^ (1) (Power — Sj-^5) Sjls-^ u^*^- l^ij ^jiSCoIj t^c y^-Vi 



.Aj_^KEnergy)siiiJi J i^^jij 3> J.i(Work) L U-iJi j tJL "^ jIjx. ^.L.^ ^(s^juJi) - Power (I) 
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Law of Couservation - ^aliaii Jiib- o -^^tj iiJb- ixlsUi) 5j ^^^j slxjLx^i 
The First - l5L»LaJU J/ifi oyUil) Uajj ^ yt, g:A3i 3 (of Energy 

.(Law of Thermodynamics 

2lL*-i_jj oi j\^y\ ^ui jia^Vi ^ JJi j-Ji (Viscosity - 4-^- ^ cJL-a 

joiJl ^/'W^ y*^. ^ *^ J* ^Llsi ^J&r a > ^*-^ 5 ^ J*}^* - ^ j' _/»^ f ^ (<Litiall W if* 

ij\ ^JS (Mechanical Equivalent -^_xJi5Ui ^-M&i) ^ jL^iJ! 

2Lo-Jiii aJlA C-Jj'-iw'bj ^^[oJb-i^ (BtU oJL^^ o^J — ^J_J 770 ] ^jli oiJL_?-_j 

Ji^ ^Ac^b ai~bu jboJ (Heat - Sji^i) j ( Work - Ji-iJi) 
Mechanical - ^^^Ai ^i&OW-**^^ ^Vu.ji^j .(c? >-Vi JiUj>i.H 
8;i ol> ^ sjju^i cj! jjcJS sjlluI aJL-LJ J^U- ^ 5 ji (Equivalent 

, Lgj ija y,j* aL^L* AjbS" Ala-^l jj aJj>eP <*1>-I Jj C-j tL* 



i. j^Jt Jji^Li i^s - l-jjL ^i>^ (Btu. - British Thermal Unit - a-^ikjjJi J >i y>) ^-^j -Btu ( 1 ') 

(39) "_Ls= *>r a^'^i ^ i»r jJ (*^« UI^A 454) <-lil ^ (JJ_)b) Sjl^ a-^ jj£_J J 
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Sfl y ^r~>- j £>J^ o AiJl <uJj\i iiJjJl 4jL>.'L5j dJLvijJ c-i-Jtjf 03 j .<i*>l*]l ,iJLl> t« 
.UL>-i j^t^i dJUjc^-t J^U- aJ ^>*f>3lj ^..^aJ^JI ^jbxil o*Ls«lJ ^ dJLiJaJl ojiji-JtxJl 

(J 1p — Ijj-iijj L^-j — J">llffLi — U (JU — ^ jJl ,Jj (J _^_>-)^i jlU- _l_£J 
yjj^Ji vJ/-i J$La u > v^'j (Joule - JjJM) Sji ^ ^-a&i j 

^LL'j (Work - J*-sJi) (Energy - 4*Qaii) oU»- j Sa>- j ^ J>Hj ( J) 

;(l 96) ^^Sai; cJun ji <jj&-[ ^Js- LaJ <u^t jllsi .[ (m 2 / St 

.JiAUJl jjj&iJl V^- 1 (1970) j»Lp ^ U o J>\ — xil dXlj 

James - .^Hr j-*^) i& J| jLai L-*5"j - u»L- ji ois'j-Sj 
i_>/pi j - c(y^p ^U5i o^Ui ^ j^'dajjJi tUi*ii) £>i ^ii djbS* ^ (G. Crowther 

: <d OUj <J^) ^-^-^ ^j. Jo .j ^ iJLb>- 
(J*-j jp)^LJl5^^^L^VIj^>-^ljij>»llj JUuj ...)) 

^julb i*AJi j ( U j*- UJ^^j L-i*pi j^-^ 1 j^" 1 ^' jyj # j*j AsJap oLJL^ 

• tJ^" ( J_pr ) ((j-^-* y ) 
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(Friction - j jA- jb^W j( 

iSJjjl obi— J-lj ol— jUJI t l /f|j-» j& Ji OlT L-^T .iJ— ^aJl Jljli ^L^aij 

(The Mechanical of Equivatent of Heat - S;tj-«iJ ^^-SLitfUi 
j)u>iJ .^^JUi ^ .Uijy 01 OVi ^50 j c JiVi j^uM cij)t ^ 
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J j UJ j — itsy^jM ^ j (google- j^O Ja* ijL-ar vi*« jJt£* - O^t JU»- 

-UP l^W** Ji Ai-ojJi 4>wwaJl k jfr^b J-2=~a J I LdU» j\ Mi . A-Ji ^Ui* Uili j J~2=—il 
^^^U^^^\j^jaS cJ ^J r Jr....,U^ t ^<i-- .1 .tw-iJJi> Lja^L&ljjj^ )g .Vnj^gUt-i yell 

?0 j£s-i J* ^ . . .Wa*? JaS a-^VIj ^->- 4#WJl U 0 j£=~> let - SJL-»*fl 

(John BrockMan (What we Believe But Cannot Prove) 

Robert Eisberg and Lawrence Lernen (Physics, toundations and Application). 



Robert Todal Carrol (InteDegent Design). The Skptic Dictionary. 



Roger Penrose. (What is Reality) New Scientist. - 
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ihr u sjl f irji £j-asj\j *.<J>.i - j»Aall JL-»j - <l)U*tfl Ja^-V -UaJ • 

Benjamin -j^y^Usi)**-*' j (Count Rumford-^^jCJ^li)] jSl.wfo 
^\ *Ji£=*- y\ 3ji ^jii- ^\ j i-SLi^ii aitfati j 3 (t/a^O 4^01 (Thompson 

STyM Jl£ii^ j£i VI ^ U tiii sik*^ ij>i$y*» .(*r j«i-J,l a^jJlijl j^irji £*j 
Robert Eisberg and Lawrence Lerneri <Physics< Foundatinos and Applications) 
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<5ji^i ^iij y'i^ j^i^y 

KIRCHHOFF'S ELECTRICAL CIRCUIT 
AND THERMA LRADIATION LAWS 

1859, 1845 *USWl & 

,\ Jufi SJUlS'iJU }\$i£\ J jail ji 

o j-i ^jj-^r jj c (PLANK'S LAW OF RADIATION) ^i_^i>J Ju^. o j— ;IS 
:(GEORG OHM) f 3 \ ^ jt > j c(JOSEPH VON FRAUNHOFER) - j > 

.(Josiah Gibbs) .jr-p 

:1845 Q\±s>\ > 
^lA'i Ji L-e-*. j (Texas) ^lX'j (Florida) j? ^ ^ i - 

jJaJl) iwkJliLl 4Zxj\j 

(Edgar Allan Poe) - y . jlS^i) J* Jy <ii ^-Ji&i >J - 

. (1) (The Raven- 



jjJsJi <_-! J( ^ (order -v';) S\ '■f-^' js* 4<Jy*JJ^> jj—laii^jw- .5 j_j0» -Raven (i) 
ja^i i^i^ji >^L>f(l08 = 18 *6) ( w»J~-«*^»jU' t>J *j (Passeriformes)Aj"j>~aii j^JaJiji oLj^yUsuJt 

(Nevermore - - jj^Ii ji—^Vi j^uJ>iy)s-<J5v j ^S'* yiM JJ^3_ii~Sfi 
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^.y^. Henry David Thoreau - ^ cs-^v^ 1 ^_ — ^ - 

^ (Walden - OJdt_>) s^^J a cui\ (J A* a__L_ii ajuJi slJ-i 

.(Massachusetts - ur ^ -) 

yj jji -i>Li) ^iJi lU a>- Ji j j x^L ^ j^i-i _j (Scientific American - 

ju; ii sl^j:. Jji^ 20 1 1 ) 

:(1845) ULj>^)t jiljJklttijitt 

jSj . Lsuxor L^lj 55* Jls~* 2L_kiJ 5j i5*}Luf Lip L»ajlp ^glilT ^i-^- L« y\J JLkJLS ,_s-^p 

^ y x -^i) ^ j£a J* ^u^i JUUi. Ji>Ji a-4ji4>fi4 'j? - (T) 
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:SaiJL. o^-^ 1 J ^ tU ^ ! ^ J! 



'"in + 'm + 'in + • • • + 'out + 'oui + 'out + • ■ • = 0 



J S-*^i5l Li* l>>- , Is- tftllLJ! aJJLp , ll ai jl Jl iLJl Ail5* lift Z 4*JiJl Ljlc 

J " in ' <~ 

L^l-o ^ipi £«j y * ji*-^ 1 f ^j"^' t*>-bi*Ji dAij oijLiil ij^ljLiil Ails' 

SlziLi J t>- (^jUJ ^jiil Ails') aJL ^£^3' A*iljJl <_< ^jLo-Sj j^J £^>r < J^b- ^ 

<L»U <LJb y^-S* a^Jli j j ■ "~'< Llp > t _^-j.- II ^Js $ ^ j ^ I g^*-^ ^Jby^jS' a ^ 1 j 

Lp^i Iii tS^ljJl oJlftJi* < jr -"ii cLjw b^lp tiyiJlj tUiWl i^Uj j ^bjJl ^ L_^5 a_JlUw 

^L»LS ^ (3j ylS' ^i^S*^ op ^ j^r-^ ^iajjJ ^v* Jjjwil ^r^tfi j^ci jl^-I <3 ^ Li> 

aJLz^ a yijjl ci-Uj 0>ijL~* ( J^l5' t _ 5 J^J (L-Jaji ^LxJ^iiL; ^*^_Jj) Jj'b^^Jl SjJi^Ljl a j__ 5Jl 

:JU! LxJLk, 



V| + l»2 + L'3 + t'4 + . . . = 0. 
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La <-\ -LP ji-P 2j^>-Lij Sis y.y 4_o<J^>cX~-Jj AjjlIzJl l) jlS") 5 

c^bU oJla Ji* t(^Ai_j j&>y\ ^ woli^ J~Jl <_c* L^Jj^ ^ ^ Jjji 

^ii^iij (Inductances) oLj^i-i.ij (Resistances) o ji 

^fS i j\jS\ ^ (Copacitances) 

k_->^lu,» jL^x; o^jjil aJLj^^JI ^_JI jwLSi t _^- <> (**^ ■ £ ^ j^) 3?r^ tj^'-J 
aJIj^^JI Lai y i»u; sii^ j *_S"t_u^i! l_» isi c (Alternating Current) 
Ja*U*ii (Sinusoidal Form - ^^Oj^j^. ^jxL L^UUi ^ jLJ 5iVS"j (a^J yji) 
is j^ri _^^cit J-*^ <^1-* ^VbU oJjo Ji* ^ .UJb (Frequency) a^^" LS Jp 
O^j (Vector Sum - J^l*j) (Algebraic Sum - 

Ot;L^I&^Ol$^l£^J^l^^jLt-> jsrj : ls^ p_ — ~ (jM 1 Oji\i) ^j^-V 
iWJutfiLwj J^^j Ubl l^sobwj jl iL*— o'U Jt—^aJl Ji jJl 

J—^U-^jJL J-^' 1 ) V^.y£^ jJl a j_l5S) j li ^^r* J-^-.? *' 

0^5* OVI C 1 ^^ Luj c J — A^oip ^tA y ( \—>tH } ~ 1 Jr^) 

- .ii.i. J - V'^.y^ 5 2Lj»*I^ SyiiOj^sJ Lob* tjA_*d^ (SjjLkJl) JL^^J! ^.S" Ji 

^ J ^ (Electromotive Force emf 

Aiyju: V (Terminal Voltage-^ ^ a^U 3 ^)^i ^ jik-^Uij cAjjikJi 

<L_JLpj tl^LP JlS^ll jLJl a..Li ^Ljijlj *>*i Ji J_aj LaJji lilj ciLilvaji SJL^SCii 2 3t*S jl51 
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Its Internal)^ aJL^-Ui! 21. j nil 2L*J a_Ji liu^. . *3. >. J - L_Jb^$£ii 4*sLdi 5 _jJii 
^s,jl^j ^ o £z u Liu (slU-UJi sl. jliii) oJla suj ^^Jj c(Resistance 

:(1S59) gjl jaJI £U£)U Jjfc^ j>jLi 

^yii ijjb Jp jliajj - u>-^ uLjw ^-y^. ^Ji - (Emissivity^M^j *s } \ ^ 
Js- y^o jL*iu ^ (Thermal Radiation iS J ^^^0 ^Ui^i ^ 

,<ui3 ^c^tll p—-Jrt o jt y^- <br j3 

yt suis" c ^Uiui Jrt i j-A ii^oi *ui*Ji j<?po .(Blackbody - ■> j— *S/i 

lJi_» ^-^j * (i— * .t JjI Ajti^iSlL? <_>i vj^j "Vj^-io (j-'^ 5 ^ ^ 
fL~>-S/t oJl* J±» 2LLli ^ip .ASi j Jip-V AS jlT US' t £->£>Jj J.I AjCJbSj ^JLu*ai! 

l^Ut jJ^_o 5jrj3<j:l ajljA\ 5_Jlkil ^Sj^Loil ^^^iajtil 3L*^Jt jt ^^'1 

Upj t 3LMl ^L>i j^VI U5b jjlk^V JLJ^I ^Ij^j .^lJjI ^ 

SilS' ^L^o.1 ^ ">Ui oiL^o j! J,li* (i ^! ^r) *Ltj5't o)!\ -L^j 
03 jil 3) jil 5ilS" (ji g;i .\xJu cr ^o»j "b/ <^><j Ifclp SLJL-Ii «Uailj ^Lti^l ^1 jJl 

^ c r^"H ^ 

L« ; JS' | a-»j .ajjI y>-l 4^-j^Ol <^j'i JllaJ / j^s ApLsti! 3 (»-«Jr (j^v ^ ^i*' 3_Jtk!l 

^\*>H L^ iLj^S'l^j 3 j-*^' ^-*~Jt-t Ljjliyv^aj ^ <_^jUJ ^xii 3i ^ll t y3Ju iil:.gs ^ 

f f <• 




Jl ^ [(R) Radiated Energy) yUJi] >^ ( j 1 

ujb a^.tf l^j c^iJ^ [(A) Absorbed Energy) s—^Ji asikJi] jIjljLo 

«jL*j t_<f >LS i*ii ^ jv—Jr' »jl j>- A-Jrji J ^ is Hail fciJULl J ^is ^^-Ip 



* = c 

/4 



(i— sr ) C M ** J ^ 1 J! r 1 - 07 J* 5 i>* ^ ^ (Emissivity 

d j JbV bii i J p—Jt-i Sji^ *sr jjii aj _jL-w« ^Jj^j- J* (Blackbody - * -l 

i^b-^uiL-L e? ^^ r ( Absorptivity- wU^i)uj J aJj t (l)j_pj£(a_ i Juji) 

VU> viiJ £x> Z*j\j IjdS aJUp o-ULJaJ ,jj,LJi j _*JLaJJj (2LJUJ'Vl ) _j (S—^l^ai/^l ) 

L. [Thermal Blankets - (v^ ^ ) '^J ^ 3 

^^P i-^iji j>- l)IAas ^ ^LJUdJ 4*-5'Ip ^LaJ* Asijaj ji 2uJs ^ — a l^JaiJ C-*>«J 

.L. ^Ui^l 2LLju> o jlj .IjV d-tJrl siiLaii aJLij-l 

Oly*jOir^Jlii_5cl859 
Uber den Zusammenhang von Emission und Absorption von Licht und 
Warme -(On the Relation Between Emission and Absorption of Light and 
Heat) 
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.lj\J~\ jij J (Function - aib) ^ a^^Jj l yS\ Jj 2c*A\ 



a 



^Lai-Vi jUi- - a j .Emissivity - oUjV) ~ e j <yr^ J j-Ul -X j 

Absorptivity- 

.oo: ^ L^rS/i ^La* ^Ai! a>- Jj oA_*JVi «JJ* J^IS* / *JLi5t U*5" 

.(1) a>-1 } 3juJL5 ajjL^» (Absorptivity - l^^La^i)**-* 

Lip ^'U, L.j y> \-» ^-$*>) 
— iSj^j^ ^^-^i) Qjy^. \ ^^(^r* S^-o-^ ^r-v^Ltil^ SLslS" ^JU jLillJ^^ ^ L»i 

L^ji jJJ o ^^x^i! aS^J-i j i^jji^?- 4^ jas-j t(Thermal Radiation 

Oji y SJL>- ^ j ^ ^.1 >- S/l jl 5 S.S-v- cLjj («J jS') ^< I-tT.uI wL_aJ 

ijj>uib l_^bj ^ j5o: tji_J ^-Vi t (Absorbed) (Emitted) 
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Jp ^Lfli-Vi 5_Jj\i j (a) j (e) ^ JS' Jtf c^- (e=a) : JLJUi a U...JI 

j ^^db j aJpj (a = o) jX; <t~?>- (Perfect Reflector) ^—SV 

.Lb> jl Jliil ^j«S"L*Jl Jjsti-o 4ii 1/ (e = O) 

^jijjVi y>j - (Evitherm - 

cCIhe Earopean Virtual Institute for Tliermal Metrology) - Lfj 

tilkj ^-w> a^Vl y ji^i l^jL-^i j (Emissivity — w>l>- lj *L>- J) 

ob-L-J.1 ^ ji Uuii 3ji y-i ow- j j .L* jA^-^ j i*Ji* A-**! (Radiation) 

5L»j\ SitiaJt jl/j ^ u^J**! Jr^' LsLi^J^^U e j£L» JUaw 

k-» y_~>i Ji&i-^t (Radomes) 4^ j*j oi^bi ku>- *.ijwa£-i 

(Emissivity) •i'L (jyiyj p— ^ — 
^.^i^JJjj (Radiation Thermometry) ji ^ii ^ a;*^! Sji ^J-i 
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Plank's - 0 J> ^isJajS* L$jLjt^i p^o-*-? ^ L$j'IpL*^i 

.[ c L^Uxi3 ^L&i 11a ^ IV £>J J\ -Jr\ j] - (Law of Rediation 

^ ( j ^slLi J j^-J^i)^ ^Ui (Spectrum <_iJaiL) $y-^a\\ j c**Aii 
c^L^ jiji^Ji <_j_~aJ ^Jij (KirchhofTs Laws of Spectral Formation - 

jLxp^I (j^y^ tj^y*^ c >* J^* j* 5 "".? LgJLuLi 5itxj ji! 

J) , iuU oUJVL, , Lk^ Ilk -^LJl LIS) ._>LUJi ;UJl jj-^ - 2 

2L>-_^ Jl ^lfb olpL*J^I Caj ^LJl Oli ^^.J ((Bright Line - JaiJ-l 
LsJ* (jilaj jJ^^ax ^il^- Lp -W*^ (Aali^Ji ^3'Uj> ijU jL_P laJ>- ^c-J:l> — 3 

^ 5 jLp (Absorption Line- ^^L^^! J^) ^^^j. L« •>UIS'i^_o^. 
SjL*. . jUJi iilJLj c7 ^U^ JLiLl (^Lji j2_jLi) ^i^* ^ Js^j^a ^ y_J\ 

iuiS' i^*^ U> i^il^Ji JJU jlii J^l53l ^^il ^uk3i ^ ^c^i 
L^Jb£^ l^jt^iJ^Jl Jl ^Sfl^l c^lijj^ S^li Asy* ^1 ^1 ^^ip Ljls- 

.o^Ul (2) ikiJl ^ « ^ 3jl Jl aili53l JJi jUJl k_jk^ 

bjb ^jki-l k ^k»- ^^saj b-^^k-s jl lilja^ AJUl^i! iw^Lk^l o^A V*^*^ 

^ U^bi- 1* Li I ^e-JL^jj '_ \ a ; .l-.7j ^Jdi ^Lj^aJl AJ^iiil /^Jl jJl5l (J.I 2 jL^I -^L*j 
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it t 

y ^oJbSfi ^ 4jlp 0>L« jl*ua \j^L>/\ y» ^ jSfl .^Ip jjj^^JUilj tLiiiSl 3i ^j^^ * ji^*-^ 

UbJuia i yo (.( LS >uJs]\ j!) JU-i La! y* { js'\ aSUs <_C y^ J.1 (jii^O l&ip ^. 

tijli LgJl ^5lj Js> jU^Ll i^JLLj ^LL^I ^ j^*J . Jj^i L^sll? (j: Jl L^p _* / =tj ^-^p 
( Finger Print - ^.L'T) u^Lb^i^i ^ u ^UpI b^sC: ^^>o tLjaiii ^ ji 

JjVi -i-«*il J^'^y ijL - jj-^iJl 3_-*(ijAj j 0 y£jJ&\j cL_*LtJi ^ ji—i^sJl 
Uikjz sLfUUi .1^ j-Ji -U ^ki-l ^ o^bit ^ j ( 1 800s) j-^ j >i 
(^jVl J.J oijl jilj ^[-5^^ ojJ^rli a^J^LJ^j yfr^ <-^LpUJj^/l <_iJf ^-'L?-L--xi 

2JU15' 0 jr *^-« UUffi O-Lii JJLIj >3Uf i jya> d\ Jl OL^i . UL>^-J wLJLP 
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3lJL ^ 5i^>-Lvxii JuS"L>jl *b wJi i? jjaii-l ^ c->liil 3 o yblis L«! .o ^>-l J.1 l»l5"j Sjuli 

5ixS' ( j r » 2ii**jdl j — J Ti\ i Js- a J^ii — a J >jlj\ pUJi^i f j^> \ * — 5 01 — 

J> j^i 0 $i <— 2j _j^r] <_i^Vi ^gJbj-Jil olS' JJij ,&Lj>t^$ (_.r*J^' lM u ■ 

^ \ jiiii t UUi J-Ji ji 6 _« [Joseph von Fraunhofer ( 1 787- 1 826) 

( j> j^i is>^]i>o) _j<J-l (iJJi JtL«j tl? j)^'^ jJJj CJ y*3 l^JL^t^-J^-a 1 ^£o? ^ aljijl 

L^Ji jJsi i_i_Jj>«-C.j 2U w ggLjtj»j y^^-^ ^y^l (j 0 (J -^"^ ^«L^l5l (_i_Ja3i J y 

wiiiJ ^g^- ^Lip-'VI L_gJljj.> o>ijL^» (Ji <j^lJ^ y^-5^ r l dXlj ■> 01 4_Jl>-lJj ( _ r -^*j 

«. _j_Ja5l jL-xc ^J-pj ^ ^ ; ^—vffiiLS i jjl jJi ^3LJsS jJlusiJ (J,* ^Lt* jljib j) SwU^I L^xslis 

_ (Photosp here - y yi^.) o>u^i! j] 2u>Ja^Ji ^^jji ciLi» ^ j^i 

Sili'^C^j ^^X^ J-aLS" i_jiJ» j^Ip «JjL>tj [01 ytyJ oJL_J^ilj AiplJi ^-^jJl o ^5" ^J^j 
Op LLJl (pj^Jl c7 -^JJl ^UJ? J^U J*&>\ Oi^Vl jJ^-J 0Vl_j .01 j>JSH 

(a^JLaII ob^ y^l <uLL? ^» s3^b»J.I 5l_^jII Jl J^VI ( _ya«J c>0 ^-aJs Oi $ (j* L— 
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<Li I jJl *b ^wJt 1> ^k-J-li 4^UiU cUi*!i 4i ^aj U ,^2^>*zll iA>A\ j^Lal*)}] aJL^- 
^b ^gip y^a^- L*5" — ^wb-l Jbj jj j j^cJl 2JL i3L_Js>i ^ ^jl L^oJj <^_J3 ^ 

^JbLo^o JjJudl j j ■ r^T bu^lc ^, — &JtJi 4ib>- ^ a* t(^ ( ^ ; ;Sft j ■> ^S^) -la (J^y^b i^- o 

a-Li ^Jj»i*ij L^p ^o->tjr.^> ^jjj dj^*- 4 jsaifti L^sl>- 'j-jt^ b ■-^ ;> -l_j J^*) ^ ^^---ti 

> c 
\sj bjLS^ IjvaJLP Oi*^ (V-^ J^t -^<-^ y j JiQ^^ j tLoi*il iLj&j^^J 



((^r >H) .(200 1 - L999) j (1999 - 1990) f y6u^-t ^iJ) j (U^! -i*^ 



— 670 — 



- :> jbj-S") 01 jj-W j_s" ^ *L-Jp wLj-i (John Mather - ^Ji* o j-jr ) ^JLj • 
(NASA) ^si^Vi aJ^yi ^ .h*Hi} d\ jJaii aJis" J ^.tJi ^UaiSi (Goddard 
(Maryland - ju^*) j J» (Greenbelt - ^-^-Vi ^jJ-i ) ^ L_$*s 

aJLp o^JaJ A_Jl>Jy dJUi j 4 (2006) f Ip J J-ijtiU Ji.y SjJbr 
^ j^-jl ^L-^^i ^^^i ^ -^"^ ^ yiaJl C^Lpxjdl ^ju I* ^«Ji ^.liaJ i>w5 ^L^J 
^ Jl ^ ^ ^UUA^I A-iU- A-SJUl tlr iilS* (2.7) Sjl ^ A_^p 

^-^r I jLp (Tlie Big Bang - (»-J"iJ jl^VO a^ (oiS') OVI 



Gustav KirchhofF and Robert Bunson (Chemical Analysis by 
Observation of Spectra Annalen der Physik und der Chemie^ I860. 
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[GustavKirchhoffC 1824- 1887) ^>^/^i^ /] jiiSfi ^ jlJj 

Ujj 15* f- ol5j L^rU L*b£ ojJij 015" .L_-*, jy.fj (Konigsberg- jS") 
( Albertus - ^ ^) ^ JJ .i5!Ju~a jot-aJi *^>^ ^ *#xJi j l _jutJi ^ 
Li _lp Ubs 5_iwLi-i ^ j ^bJi a-Ap^L li (Konigsberg - ^) lj^jl. J> 
0^ j [Franz Neumann ( 1798-1895) ?\}\ ^-Jii^i ^ 

l [Georg Ohm ( 1 789- 1 8 54) ^ ^jyr] Ju*i ^ Jj ^ ^ ^xi 

bb j UJU L^»5j 015" ^j-Jlj (1 845 ) f Lp ^ iJU J\jJ^ *~Jl y ^ t j£i ^j-^- 
(<_* js) j) yb I— l* aJ| sjLi>VI bfj . JlaxJI jl c^LjcijJl y jljJLxJI ^^Lp 

o jIjujj Ij^IS") 3j^jVi t j-» ^^jjj (iijw^j j^) AXi><-L» a*^iL>- ^» ( 1 847)^^ ^ ^_ 

J _j ji ^Si^^U jU jjJi /u .^U^b ^ oil^i ^ _j (Clara Richelot - 

J ib-Sf I UJi Lu ^ ■ ( 1 850) f U ^ j ( 1 848) f Ip y 

e-Lij-iit ^ s_>iU-.*Vi v-^ 0 Jl (1 854) ^ Ip Jj tCBreslau - ^JL. y.) a^b*. 
>tJL* 5 — ^> j> jwLiJi ^,^15 <L^>- (Heidelberg — iju>\>r ^^—i 

. [Robert Bunsen (1811-1 899) ^ ^ y. jj] jiiSfi ^ J-«Ji j 
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s^i ^ Jii t (Law of Thermal Radiation) (5 J j-^ cr ^i 

4^ ^ JbJj>r ^jjoxe- J ^ -L_j Jb^- ^ LSo; cfJUU L*^x-a-Ij^ . \ §j \s : ->*l\ j—^r\ ^ 

[(132.9)^5 >^^jj_?(55)^ jAJi oxip^(Cs) ( yL--&i oj^ j] ^jj>-Ji u^L^ 

.[(85.5)<j?j^ (37) c> jJJS oJ-APj (Rb) aj^,] f^.j^i^Pj 

i^3>> (j cLjj o>i^j) ^>L^ uJy (John Emsley - iS -L~»\ 0 ) 

Lj! j^.f. i jJwJl j ^ j—JLS3lj ^ j 1 1.. ^Jj-jIj ^Ji^ J 'i rt ^J jt^Lp 

japu jJ^j jiy) jb* ±M oU.u)i ^ . (Spectroscope - Jj-p 
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( ^>T) oJL*J 3j jkJi d j-^>-S/l j j£o ^1 jUJi ^ ojjj—* J^>- - L^JlJb 3:>Jj£ y 

uL*^Ji jjudui ^rj/^*ui*ji v^jlSO^ j (The Theory of Spectral Analysis 

2LLU iLLa>- ojLjI ^ L^of L^S" .L^Lp- *j jil ^ J^jtuli « jJa^l a-»Ij^ ^^j>tl>. ^w? L*U 
x>y ly^ U»i* (Spectrum Analysis - ^}s&\ J*^0 j*—* ■ V 

U& id^t M 3 y jsll JbJUUsJtj 5_,iUp^l JJU«Ji J jfc IgJl yuJl j 

^ .iJlJt pf ^ LAS' j 5JUJL$-I jv?L*JI «jjb ^ Joju tJSUuiS'b Jjoilb LaA Jli3 

aU^pI jli c(Radiative Equilibrium - ^\*J>y< Oji 3 ) aJU- ^ _^1J l^JUy ^Ji 
^xi^ (Emissivity) l^pU^i Jl (Absorptivity) \ I j_5 
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(Blackbody Rediation - eb _^Ji ^ L^rVi ^Ua^. di~> ^ J y OlSj 

.(1862) f u-^ 

*L. V J**^ v^j • • • ) ^ J ^ ( 1869) ^ ^ (ij^AS") <^ jj c~^" 

j*is- ^ ^ ^ u J^i ■r^j'j r-^> ( \r^* 

^ji ^ ^ia-i-i j^-ij t y*^' v„ <>• ji ^Lf-j >— ^ j ji^j ii^iii ^ ^Isi sJa^i ^ 

Luise - ^jy, }->}>) ( 1 872) ^L_p ^ V (7 j > ■ L-fc^ >r 

^ 8 J^^ ^ JJi^-S^ ^j^SJI J^rS/i ^JlS" 5 jlJuLI ^UU-p^ (^3 ^ u P~ 
Vorlesungen uber Mathematische) OlS" ^JJij (1894) j (1876) 
^ <d^-ju j (Rosenfeld - ^jjj) ? -Osfe^ oL^byi ^ oi >*U) - (Physik 
:Jl; 



.(^/li) .^jjUJl ^j^uJJC jJl >Jlj ^ j*A ^1 ^«^) v-'tS' ^^iiij *'*r -iij ^ j) 
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[Max Plank ( 1858-1947) di^ ^] ^ jiiSfi ^l-j^i ^ /J ^ jlju 

3L«Uii ^LfcAjI^I c-jf j cuiiljj tO y^S" 24) ji^. v^jIa ^5 wb>-( ^JLp jJJ^i 

. ( 1 935) f U J oiaii l^U^r I J — =5» dUJ oJ^UJi Oi^ 1 



Curd well. Donald. James Joule: A liio^mphx { Manchester. U.K.: Manchester 
Universily Press. I Wl ). 
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Trench. Truhner cV Co.. l td., l i ro) 
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November ISJ7N. 
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Joule, James, "Un I he Calorilic hlfcels ol Maiinclo-Rlcciriciiy. and on the 
Mechanical Value of I leal." Philosophical Magazine. V>: 2b?-2~H\ September. I.S4.V 

'■James Prescoll Joule." in \otahle Mantes Datulm.sc, Soylcnl Communications, 
sl-l- w\vw nndli.coin/[K'ople'275''(HK)04 t )l2Sy. 
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3 Usr liij . . . (Laws of Nature - jyi ji) ^s*—* V 01 -" ^ Oi^ j* 11 J^W j 

2^ Oj)) : J Animal Farm - jJ-i ja*-) 3-^5 ^ Sj^—^i « >t U 

James S. TrefiL (The Nature of Science. An A-Z Guide to 
the Laws and Principles Governing Our Universe). 2003. 
. ((jySlli^S^^l&iUNj <JE}H>21J JLw^l jf^iall ^bijjla) • J^T^J' 

U J^lSwj 4*AS3t ojiiSL - U (0 jiti) t.^ J5" Jjj Vj? jft ^tji 01 • 

iJijilj ^ j^ill JJ-^ y^-^aj 0* .^^r^l t^^ 1 ^ J^" 1 iU-Iaj 



^ L£jJ> j [(Eric Arthur Blair ( 1903-1950 jJ^A ^j^^ ) <J^jL^ J M 
aj^^jji jt&Vi u ^-a*LJ <j\jJ-'i OLJ v J jU" <-ai ^r-" j i(Georg Orwell -Jjjji^j_^) j-j'LUS's — 
^ jj^j (1948) fL-c ^ 1^5" ^fj (On 1984-1984^)^ iJiiJi j u J j yi-i ^ jL-J ^ jLli 

J c^jJLj .(^ jjiU^-l ftA*)lfl ^a^j j^Ujjk-V^ j XjL-JI ^ 4* ^ f ^ fj^- ljw»L>- Lt, ^ji Jljj'V iuJil iuf-L^-l 5__.L_. 

Xf>r >ii) .(Orwellian) ^* ^dL^S t^J^-^j ^'uii _j wj^Ji ^ ^\ 
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0 jil*) jJb—AA Jt>\ ji^l iJLfc ^ (D (Popper - jijO -A-flJ jil US'! jil Cj*-5 JUS 

. (Law of Lawfulness - 

Peter Mitlelstaedt and Paul A. Weingartnen (Law of Natuse) 2005. 



^ iJU* j \_J» 01 jJSjl ^ (i_*b _ j) iJ jti ^ 01 di-JLt- Ol ji\ ^ ^ j 

Oii*^ *&£V> i>l$j 'tftll ( lg — iJ) tojvb Ji CJlS' ^ JDi pjit>l\ -LPjll dUi j j-^iJ ^ lii^ 



j jj^ ^ j,ai (.sj^. ^_-i> j ^Vj_-» Albert Popper - (LS89-1808) { 1) 

j (L_j ix^.^) J y-j^ i^L. ^1^^.) ^^k- y.Jju^ .^^jjjij^i j^Jj ^ ! ^lj(VVinterberg --^^ j^j) 
(schwarzenberg) ^1 j^'jjy- j ixJa'^» jii'j Jiju^ai! ^ k__LJi ^ jU .sJjl-^ ^ oij^ji 3jL^ JL* 
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.(!!?*^Jk JS'^JkittfJUliil^ ^dlii^-Ji) 4AtfU Jjs-^j 

John Tillostonei (Maxims and Discourses Moral and Divine)* 1719. 
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GLAUSIUS'S LAW OF THERMODYNAMICS 

<.(THE FIRST LAW OF THE RMODYNAMICS) ^jl>ll0^jJ jjVl j^lUl 
t( THE SECOND LAW OFTHE RMODYNAMICS) hjM lO^Jj ^_Jti)i jj-JUilj 
(.(THE THIRD LAW OF THERMODYNAMICS) "<->J >1 dJlill Oj-JliJl j 

CHESS'S LAW OF CONSTANT HEAT SUMMATION) i&h I J >1 J^i u ^ dy\ij 
iiji >3j c(SADI CARNOT) jJjtf <pUj c (GIBBS FREE ENERGY) ^ 
ur ^j .(WALTER NERNST) c—J y pi jj c(LUDWIG BOLTZM ANN ) 

.(JAMES CLERK MAXWELL) Jo~£- £pS j c(JAMES JOULE) J 
:1850f0f AUrlj* 

_ J-^Jt^^)^ J^^i^ ^ .J-*-^ V^voil cLiJl — 

diL- ^ (William Fargo - *) 3 (Henry Wells 



(I850)^y*o — -! ^iti^yizJ^iSjjJi-iM M-* '^.r^j - American Express -(Am Ex) (1) 

j^j (DOW (ones - y>yr _}'■>) w^JLv*^ i^ rJ X.ii_v^^ji(30) l j^ »J^-t _j 1>s j& j 4 4Jj_j_j _>J 2i>X.I__A 

(Charge Cards - — & ^iaJi oiiiki) (Credit Card - S-JL^Vi L^iiLkJ UjU^t y> is" yJi ejus 

,v^> jJ^~Js jj-i^^j jV^j o ^1. (1.94) l$J a-_j < i— JLJ .(Traveler's Cheque^ d jiuit _j 
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.Jx^Jif- c^>U-L£ d-ai>- 
Hairiet - oUJc^jU)i^ij^j4p_j^^ LujI- 
i^XJij ijuS" j bJ-\ sJL>^Ji aJxj ol Ji v UL»1p jl^jJI SjlpL^c. (Tubman 

,^yfji\ C^>- ij JbJL?- ,jjL>w Ja ^k^- ^ija^ j i3LijS/l yb- AjL^J? ^i_L>cwAj 

^^jj (The Second Law of Thermodynamics ~ '^->_J J-\ l^L^aH 
L^> ^ _^ailu .(Entropy - ^^Jts!) jUi» J^^j-» <u 5ibj u»b uii J j ^Lk 

aJU- (Entropy - ^ ^ qju-? s; u.lLp ji^iJi l^xrj j-'j 

.4^11 dLt J a Work -J*-*) Ji J\ 3 ij\ 

Rudolf Clausius - (J _o $S <J>Jji_jj ] ^UVi ^ — ^.^3 ^^-^ 

■tjyUj ^j?^^ (1865) ^ ^ [1822-1888 

(Die Energie dex Welt ist Konstantt die Entropie der Welt strebt 
einen Moximum zu). 

,oU o y>Ji a»ik5i jLiJL* (J-*^ - 0! - 1 

h . |w = Rd ; u-i\i V K ti -^nnv;-v; 
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3 y&Ui ju jju *l>j^i ^ (Thermodynamics - ^ji^U i^W^O ^ j— > ^ 

J U JS" jli Jlill JL«i cLi* (iijl ^-1 iSLaLoJU 0 yLall) ^ l^k-l^ 
c5^j>- |JL» c^j^Jb^iJi ^y* SLXjf 5jb>- ^..^1 ^j-^J <J,j 0"!>Lj>.oL«j 4*\ja j 

jLik) a*! ^ (William Somerset Maugham - f >^ ^J^^jUi 
*>/iJ* tr* ^ 3a;i * V ) l^i ^Ji j (The Human Boudage - _^-tJ 
l _ s £j ^-j— .(•— ^- Jl ^0j-^Jl^jiJ5'cjM«rl 

oi~J Jj> jyiiii li* (^U-i /r ^i)^_jwUi( Woody Allen -^1^-3^) 
ij^l l? i) : Jli i_-.up ( 1992)^ tj^j^ <^^' ^ jj'j jj) JL-UjJ ^v^-i 

.« ! lib \#>j)& J53 "ij SJliu jjJl Jpj-ijJU ^jww jft l^ftj t (1) (Shit- 5jl£^) 
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. jj^si ^ iki ^1 LJ&I J-*^ ~ S Jif 

t U ^ J3 J^> Ji*S") A_JlJJl oy U J^-jJ ji (^jji^d j-»\a>) Ll*j? US' L^Jp 

O^jJj W d->Jj£ ji l ^S, s i ,J^3) V 1 ^ 1 y" 1 uyj (dUiJ Vtj^ ° y 

JbV U y>Oi ^S^LUi JL^S'jI.Ai-^lS') jb £*bU U»LL"I (J _lp j .[olidjjktfa 



d*7reversible 



T 



J) a] jl&i asiLJi jLlL. - dq _j ^ bJi; (iJ&l) j^J J-b^. jIjlL. - dS J-£f 

f UaJi i la ^ s ji^J-i jUii 3Jj\5ol ^ ( JUi! - reversible) ^jJKj^i ^ik^ii j 

Aj/y ^llki <_c^ ii^ill 3jl J~\ j\JlL» ji ^iib ^jJ^i ^— »j .^il ^UiJl ^—Jl 

IS" 
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jj2j>- \ L« jy^Jo o^bu^-Vi (J.J ^lii (_<Jjo li!^ c >w-H-^-o>o L^jljjij L^JL*xJul 

[Ludwig Boltzman (1844 - 1906)^^ r . dU^J ] ^ ^L^Js yJb^i 

i^JLjI^ J> ^jIp djIJuUj 5-«jLvs> lL>jyi (ibjl yM 5-Sw»UjJJJ (jUJt 0 ^ilill) .y^yij 
jt ky yU ^iiSUij ySo: ^Ji 5JL*Jl ai**Jl S*U53l ^jJj-j 3jI yLl Ju&i 0 b4i 

2LiUU3^ liJUj ajU^- 2U<^ Ji — ^U-jj - i 04 dAJij U jl4V 45lk5^ jl^LL. 

^y) j^i-l (Ji^ 1 3jl>*^ 5i^A>- (Sjjl \SLoL)jJl ^ lift 0 aJuP o^iaJLi U 3u-I>-j 

^ till 1i.Lj (_jy>~ ^J^" "^Jl y 5 *" L^J Ls -SjIj e-Lo ^ytf ^*>- ^ 5 L>-L*i 4^j4.L«jo 4 
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till ^r^J^J <LJA*il 4j>- 1j g^l Oj\ y- ^gX>-j^ tju Jj'UzJl j <__C jL^xil ^^"^^ 

y& — *yu»i jyUJl c->ii aJU- — LijUf asIS" L3«.J aJ^j « .aJ ^p ^1 

JiJ, c5l jU* jl . . .->. ^ L53I aJI^J 

buwu' XJlO (a^I tfL.Lj.jUJ jliJi 0 yLsJl) Ldp ^^>J *J_pj c^JJS ^JIp I!/, U ii! *JJ 

.as" /-t aJ j? ^ji&i JtfLal ^ JSL* ^Sf 
3i5iy i dXb" j j_^Ji J j^U-i ^ UaJi iAa j£i fsi jj^i jpi ^ y_ Ji up asii, 

J^cJU J.«LjJI j^j-oax]! iJt^S LSljil . (^^v*) -^r *j L&j-i^o 
(JUjl ^ . . . 2U*>Ul-l slJjlJI hjjlJi L»Jl>Lil Jj jJU^I clii (Sj^JL) J*iJlj ^-i-^i 

l^JLp j^sjC j wi'jxii (Photosynthesis - ^ P* 1 ^J^) 

Ai;!?- ^ ^iLb^ (Ji ^_ P^b vJu>xJt ^ yj= y aJ| j j! La -La j 

5jLw?-i ^ys^jjts^o _» (Ljl^lijl jLt_L« a^Lij ^^JJtf.) Lj-«liaj (jiwlai (jl LxJIi Ailill 4— ^Igi'VI 

- *>L* ^j^ 1 (J^ - ^* LjJLaiJ iJjj Jji^j^ ai53_j ii^L*^ J ^LplvaiJ 



[Nicolas Leonard Sadi Carnot (1796-1832) j-i jtf^L-* jU^JVj-^j] 
(Boltzmann -j^y^ j>)^ ^ ^ <■ ^ j ^ i-U . ^ jUi _j ^-LJ 

.iS\ SjK ] <J>h y^- ^L^IS" jj^-UUIp oi ^y. LJ juV 2_$>- 

^^o r S/l j S £\ ^ — :aSfi (, ^ [Claud E. Shannon (1916-2001) 

uis"^ j [RoIfLandauer (1927-1 999 ^.J^] - 2 — 

(J ^ ^^Ip ^i?- (ilJLij^ f _^-i>)_j(4jjl yt-l LX-^Lj^Lli (JliJl 0 yL^I) jJaJ c^Loi^ 

^ *-i — I V Ai^L^s S-^oJiu-o oj^u, i^X^-* $ vii—^ ^P "!>tk cl ^Ljbj^- 

i£ yLl a^U- Jl ^JaJli ^y^i dttij c^ljil ^'Vd ji^-V' ^->J ^.y^* <^»J-pi 
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Ju_}_L>- 3jL*I»-l jl ^^-Ip 4~*1p ?u ^kj J>_prj yLaii J,j 4J 

4j yalj) 4; ^lajJl oj_* ^.^J j c(^l]aJl ,iJJS LJ5" dJ— Jj SiLj (.s***-) ^ 

4 i-/ kjJi oJu ^sii .(The Fluctuation Theorem - ji^Ji^Vi ^ — &5i 

^P y>**i Cj)f~ 1^ ^ (j-* ^r- 5 ^ (j—-"^^ ji JJLo iw-»L^>- j *_i y Uj^jT aJ i biaji 

. ! ! ULc (J 1p 5JlS_«i 0^.5 o yJ-l j^'J ^ ^Si _jJl ^.p Lu>- Ll>- Ll*j 
Jsi _j uUixji jtsl jyuw aJ\ <j: (Amoeba - ^ 5-^ 

i f 

(ijJlijVi)^ lJU^V^>- IjiJLLo 4)3 ^_iujij ^uip jf 4<ti ^jt-JU (^jJl ^lia^ ^y* (S—jJlijl) 
^LiJo^ ^7 jj^j jl U oiLa^o 0 jJn^a Oj *L C-J t« iiW .*J^ t^* 3 °- 5 ^J J . (j**^- 

jl - l*1p - l^j: ^ c j U <_?^i ^ (Super Nova - 5 iJU uy) ^AiJ^—^ 

ojW LJ,i j i*JL5lj t5 i*ii ^.UaJl c [-<^4 ^^Ip L_oj^ (W-^^0 oLJ^Sl jl 
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frbJ p_$JU^- O^iJ^j^ ^5J^5 (^- A ^^- :> ^ O^JAj b) ^vJ^ili tL> ; j5»!_JL;j 

Jajy. 3LJ-I a^I^V ajjj^jail 4jLb>til s^bJj ^Jl jji^-JJ j-*^ ^ e-Vji-Sl yt5 Lftj q 

cJJ^ ob ^ Jtii c(Peter W. Atkins - y±>s j^>.) 

i^jJij ^iii j^Lf- II _e_J>-l ^^Sl ^.UiJ J^Sy Oli 5— »>■ _^iajJ^ 2h^>-j >lS j->^ 

JSLx- J.I l^J y^jj a5Us» j^VI (ATP) V^^- 5 ^* ^bL* aJVu a^L-o ^y. iij^- ur -U^ 

l^Uj ^cJJi jliii ^UaJbj t asa> (ADP) v-^^ 1 ^u-.yJi ^uu u^'bL^ 

tUkiil ^ 1 g^* JjJIj iL^LiJ o y>cz~» . ,.^-juJ^\ ^sLo^-^i ^ o <_3V1 oj^- ^j^Uj^ 

j^w-Jr I l/y.^- J>-b tl^Uil Lg-«lJL>euJ jl^L. CU~>- J.] el ^»wOl ^y^ t*~J6 

(ATP) Ji J ^jjj^li ai^i J^c-Ui ^ y Ss^waxii b^i JMisi y Sj_jjJLi 
ji Jb* b J i jvs\y-* 3 cUJ\ u U ^ u^i^ j LpI^ ^ C (ADP) Ji b_^L yl 3 
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.(Oj->^*j ^ UjJ j <jjjl t.:,k>£ 6jl _^5t j j^bzil j sU^VI 

(Entropy aJisV^^^ (Corey S. Powell- ^ jS) JjL_>- 

*j Asrjiloj (OLojiaw j1)^lki^o UjLS'^ J^t^ U j(JULo£_S\ jib (^ju)^-^ 

.(((OU^I)j(Sjtii^) 

iij ajuit ajy-i ^ j t JaJbLi l^j ^ ajiyUJ ^V^. J ^ 

15" 

— ^J> J '-r' ^ (j-* ^tiL* oUjLm* j li LL* 2 ej ^k.j — JjljjVl J> 

oJUstJl Oj^uJlj OjJ Jl ^» ^Lj <U^^ OjIj JLo^p-I t, ^ ! L^J i-JI iaL>- A^i^P <\j-j>\i 

ll i^J yi) ^^JLp J ^ajt-i L^k^>l L^XJT aJl>- LLp Jaii-l JlJL^-^ < \x£ 1-L_>- 



^J>^\ ^jMi ^ *L~Lo ^Uii ^> (2002) f U J> oJl *Ul*Jl .i>-! juJ 

jLx5l d y LaJJ) C-ijil J^^*xi' ^^'i tiJUAjJl cJ'U j ^.l— 

JLc (hj JA l^L.U,jJJ 

a3 dXSij ^->_j-5 L»j 2ujAil <j^*'b^JJ I y^ s <^->l-t>-Vi ^eip (jJaii ^) tail 

^jfclib (^j) ^ <pr y. f y^^ ("J-^ ^-**^v. V.^-"-' <_L-LLs ■ ^ ; j aJlP j tL~*J S^^^s 

o yliSi ji) KMatthew Chalmers - j^-il* ^U) ^ Lj^iSi ^i_*Ji o_jJ 
^ (Denis Evans -yUA^s) ^ljl (Canberra - i^is') ^ 2l*.lLi 

,y>j O-'l^aj 2ju/2j 1 fcjlias! .j; S^^X^t^J "-^L^^- 2Lj\jjl , ,4 jy_ix5l jLl>Lo ^j_^Ls 

l ±Ltj e-t JoJjJl j^U&J ^J^JLjijl tlliaJl i _ s i*'_j) 5— fcJJl o'lS'j 

(j^v. L^.'ds'Ljjl ^ J.UJ-1 y»_^iiL; y^j bjLLo a j y^il ! J*£„ <JL>\jjy^ 2J\ 
^O-J j .(<l— 4p^^iij LJIi Sjl y>iii j».*>* ^ciLi t—'U-j^'i ii*i?-) ajL^-l 



L^jU^jaJj j^jjL4 J— JLuJi Silpl ^ip ^bSfl oJL* ^ J.I Jiyii^ ^Ji5C*j . ^ryJj*^ 
^Lw-j-rVt J^b ^ j^M J-* 1 ^' ^y 5 ^sAj SJbJji-l <J^L» y[*i\ { Ja*i, L Jj> <Jl> ycdl j& 0 ^il 

^UoVLi <j asiLJi oJlS" L^-**f _j ^"y^ (Evans - jW) JL**! 

OLLwJi j i. ohi'^l 5*^ ^ip 2l^L^>1531 ^Lijjjiii ^ i^>-j ^ (5_»jl ^-1 tSL-obt-U) 
SiSUH V jt-S ^iS? UftiUJi Jl 1$-* > j l$I*LJiJ j j l^jUUj iiS jP 

j-> (- 459.67) ~ a J j^'^rj^i' 273cl5)] Ja-«Ajlj v5jL— (^dt j 

.(1905)^ J^ t >[WaltherNernst(1864-1041)v^-Jy ^5^] 

i# jUaJVi t^iO: j (Creative folks - 5 ^uii a*ikii ) jiSol ^ jj li u^j^ 
^VU-u js^iJi j J^'Ui ^i* (www.everything2.com) j ^^-^> r i 

oJtL-o JLiLld iJUA^di (Jj^^u If jiiSvii ( t yiiS' ( ^ t _^Li-<> ^glp ^ a./s\\ jf — K = 0 ~ 




a jj-A ^up 

Ob tj?k-,ftj UjLc <Up JitlS ji If j 0^1 J . lo J->P l^T J -U» jl-lOa L^Jb V> 
t Oli» jJt-l j Olj jJl O jSLj j UlC 55* ^ t^LP jftjUall yi^aJ\ J ^fldll 

^ ^r^-i lgp dbw 0 j SL.D oUj^I ^ ^Li iil 

V| ^((jilail yi^it) °jl^->- 3L»rji ait <j:A5l <j:^x~JJ L Jjr tVuiJlj 2_£" yL] ^1 

^i*; ^« SjJ ^cJLujl AJLsu^ Ajj^w \ jbL-s^-j 15 jOvjJjj Lib ^-^P <~Jjiu C)\ (w^>tJ V 4 ii 

Quamtum- ur * r ^ 1 L5 -^^0 j^^ 1 o- 4 (J^ 1 yLAiOSJ^^-ji^j-^LQ 
Zero - Point - ^ ^LaM i-jS* J~\ J aJi>^) uJp ^ JJi j (Mechanics 
^ lj.> aJU- (a^L^tA^Ji ^IjUpVi ^-^ajj) c (J _i J5* j^pj ^-o — ; ^ j (Motion 

jc£ (S±» ^Js- jor\ j$ JLiUto-u. - ^iiiJ-i - kL^\ LjJ ^_Jt j ^(Ground State 

Lib ^tlg.) ^jvjj jj (J ^i^^i ( ! ! ^yo — o^i! ^> y-£-al} iJl* 'Li J .tl ./S i \\ OjLj^L* 

(^o^c^Jl) ^ j^l yb iJLa^j — AjyL^aJl JL-S" i5\_^- ^Ji Lo^J LJ^t U^JLili? 
UjfclJj-^ ^bJLiJi ^ JbAJl aJjIs - Li 5C r *. , y^S ^^r*^^ J^i^ yi^aJl Sjl _^>- ^brji <*^*J U 
^ a JL>-I yS U.^,JLfljtJ 3 V ki-i^«J (jlWli j—LjsA) ^ Ujfc ^Sj-s-ty J.I S— ^..j 
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cULJi jj ^ (Zero - Poinl Motion - ^ y^ K - Ja iki ) ^ik^. J^o-*^~j 

i$*si_j- c^iJu ki^i J _j otf ^ J Ujju - Super-Cold - State - iisuil L^b 
A ~~ j'-^j'^^j y 5 JLfl^*- 1 ) SJL^-S ad* ^ Let ^ ^JJl L-^jULT ^ JL-^jll^JI 

- ^i^ii) Js- 3 j&l* j . . J sJb j (Probability Distribution 
oijJt ,y ">Ui £ UU5t aiij Sji J53 (Momentum - (t^O _j (Position 

i JL* ! ! jfli^ jikil yLail oj! ^r^*- 3 <f ^Jl h yil i v_Jl5V! ^ t!j 

iijiLil Jua}>\ lj\ j>- a?tj^ ^ ^j^LipVI cl^jdl j oj^-^l pUb^L-Ajj tUL^J—j^Ov-jj 

^ ^"L (5 J JA l£^L>0J ^-JliJl jyUil) ^±o^ J } 

^>)X (Hyperspace-j^-^ cUaiii)^! — S ^j-JtL^- ^l^j c^Lks-^di 

^ ii^i ^jii 3_L JLJb *J u ^jj ^iJi j (Michio Kaku - j-S'tS' 



ijyil J vill j j VjLaj^ (! l_j ^iJl) '-i* V-'^r" J 9 J 0- Jlt>-) Si-lc- iil—L* (1) 

i^-ijjji ^ f\ ^jJi ^ jls^'. ^[ (i)^* *sU jlia^j] Jjty ff>Ji U* (Quantum Twins - a^-~*S 

.b j ^ . 3_jjJ.I J,! ^L*JJl j jj V j jJjJI V ^JJ^ ^Udi y> [ (^) *><>LW ^ 6¥- ^ 
L-*S* V-Lj AiU^*! ^JjJ ^Jj^^i 01 (!) -ip>>Il a^-i (--j) ^''^ £^i<Jl' i» t_iJUj! ^^-^i^ LJ Jj)- aj " (j-l* 
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.(diUaJlj o^lll lea-?- j yli yxj Ja^-o v_^~J dJLbj 

p 

. LJb — ^uJlii — ^ Sib j iiUa jl 

jilail yLflJl ~oJj->- terjS^ jii j! J-»l!l v_J j^JldjLJLp Jjj^tS—^J - 3 

.(iJjaJV Jul* Jki- 

Arthur Stanley - cfSjd y-o 1 S-iCliJi J — _j-i5i ^L_p lJ 
3la;Js») ^liii ^kS" hj\ J~\ iSLobjjii j,b^i o LS_M 5l^I ^^1*. jlp ji* (Eddington 

(^bj^s bdu 
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^ j k*Jb jki 0j& JL& (^ijlsJt dJJ j^jj) dL"U* 4, >j* JiuSs 0i <J^I 

^ Uar- Jl -W ?iJl jit t ^ 4>« » iUtf Ji jiV . . 

OJLsr j JUij (J^^i) i> ^^U- J j_*oi-t _jt/ J ^ijlJt J j^i Igji j j 

iLjw c, *\] Ju-s dLJUi « (S ijt y-t LSLoLjjOi »fc=J^ 0 j—>\&) 

(j;! ^^Ip )Ju\ ^jJi> ^ j^i 44J>tj h Jaj (^rvj 40 j'^'^J JUj>i C^ilS" „u3 • 



id \-* C-JtL 4*wjLs ^wUj i>L^» ^LaJ L^Jaj _j La>j ^iau ^ ^ ftjl^of^ 
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William H. Cropper* (Great Physics) 



. I A*itJ C^J jLs L*Lgjl 

j^JKC. P. Snow-^ jLx^i j^o-* ^^^^r^i^.-.(^^0 

.^jJ^J^I v_-oVl ( ^-*-') ^-'l Lkii» jjiil 4 _ 5 ^*i 

Peter W. Atkins. The Second Law 

- a \ jJU- ^JUl J) OLJ^I 1$*^ ■ 3L ~ ? r' ur -^w - 

.^.uil ^b&l 0 _* (34) c l>w^Vi ^ 15 Job 34:15 



.(^1)27-26 
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I* JjVl 1^ jwll ^>U3l ^ a^>- ^i! ^JLaVU cL^Jl LLJ>- j ^ gLJ dAS'lj^j, 

L»^j L^JL'le tLXiJjt* ^-Jajfc — o^iJl <3^/A <uJikp^ i <J>\j~2-\ aJLo-P 

- l^.*jsr JS'^^j-to-j Jj.- ajtfJS*^ c)j->ol js~-iOl y^-i— *3 .^**3i ^d)-^>^j' 

.aJLIs ."nj v-i^La <JL*il a c^'L^fT 

Corey S. PowelL (Welcome to the Machine). New York Times Book Review. 

[Rudolf Clausius ( 1 822- 1 888) ^ aJ>> j j ] ^\ 3 Jkj-A jJ j 

jcjlsJi ^ (Koslin - j-jL a^u ^ ^ J aiis" jj^j f 

. ( 1 822) f U u > aiL'U- iVjl J~LJ c> Sjd^p 4»l (^.j ys") ^-Ij AiJ .^1 LJliS/ 

J*. 1 a-^j ^ (Sadi Carnot - ^jtf" ^i—) ^-j^i cr jJJ ^ < v u-^ 



— 697 — 




a_jlp 



c^uu- dJU; ^sjU d\s ^ y. J ^vi ^ ( 1 840) f j j 

t^jJl yVl i^^p,^^ l$lil> ^Ja; cJlS" U^ilp (1843)^ <^£- j^i aJjiJI j c~JL»i 

. (Zurich - £ j jdj) ^.vU J> as_^i ^L^uLi jiki ^ jj ^Vi — »jj 

^ a L^Ja>- u oi*p*j (Adelheid Rimpau - $£.j wLftai) fcii^-i api5i *~jVI 

^1 Jlj^ Jl *Lli ^Lpb^i Lkj (^jj JS") 01S\^ .(1859)fL_P ^L^ljj 
l^- ^Jl J V- 3^ - j& V >l v > i j? (1 870) J 

^i-i ^v^uii)^! ^ ^.kS" j (Michael Guillen - J> ^J^) ^Uai^i jjU 

; JLJ ( y i p>- AjL=»- Aii ^JlJLiiJ ^Jxii! JilJl ^iUil /-aJij ^j^j <J^*-*^ 
kl^J JiJ.Ojllj 31-^1^ U^SlScil jt^i/JbVl J'jJ'jj — t^ji! 
3jjj*Ji <tfO-4J JU-J 4— ^a#«i»j 4Lw>" Siai- ^ « yJ* 1 ifl-a^-l « j-A 
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. *jJ 4** jJ ^ j jJj J-k" <^ 1 ^ !*— ^' J 1 ?*^ J?* 

.((! !?oUI LluJ \£ JSl U'b L» J^b^Jill ( Jj 5 ^ 5U-1 Oyli _>j*- 

(Clausius - »W (Robert - o y.jj)^ ^ 

tUlii ^ (Wurzburg - iJ^jj ^*Ur ^ s^SU^Vi ^^a^jj Ulj>. (1877) ^ u 
x-jt^i JJ ^ (l) (The Copley Medal - JL-.j^" aJi^) L^-U* .l^Ji s — *ii 

.(^r /iO .(394) >;» - Coply Medal (1) 
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. ( 1 879) ^ J dii i j t«ul>J j 4j'u^V L^i" j IjlL>J iuxlil 

AjL^s- 5_Jlix5^ oUjll 
dAij ^ _j o^Ji J_^r J JJai i J IrJ 3_jLb Cj y^^ JL^-pL 

3 y>- juj ^jUi (Work - J*-^3i) £■ ' ^ LL dii-> ^ 4 2ujujJ-I di£~Jl 
^aJ-I dlL" (Carnot - yj£) ^ jy. . l^>-b - ^ _^J-I (^JlS" - 3 ^.J^i 

The (Father) - ^ >i y)) ^ SjW>- j& JL~a>«jJ s*l &\ 3 

jU-jiii lU j j <up oiii: u ^ J*Jj -^J 1 ^ ^ (of Thermodynamics 
jiS'^JJl^ (1824)^^- J* j ^uAl ^i^, olS' ; Jl^til iJL_ft ^ <vpI o $ a— ^xii j 
^>L_^l£*ji) ^( (Reflexions Sur la Puissance Motrice du feu):o) j_^ 

^jL^il v^ail ^IjVl J^^bj .(1832)^^^^! 

ajlSol OjUj SilS' ^ 4_Jl»^lj aJIjI^joI ^15* sl^^sLs t^^-ji-Vl ^..A^cJuii aSSj JLJIS* ^Jj 

O^jJb I^L>jj 0\jyi\ b>L*l? IaL>^5 a 4_>JUP ;<Sjl>ojj 

yb aJLL^.! ^ ( y^.j) 4ac>w2-4 — i viXij ^ "!>L«3 <ul5l L« o^_j ;(5__ijL>«J! 
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tl j*>J-\ ojl ^J-i oL_jUj- ,ju Vc ^jL^ (3-iju ^>tiJ! j i3j^j i ^ jLu ! 

Alii qia-wi J>-1.> Sj^Jl ^--^La ^.J -5 ^-i 3 "" _J .L^li-ij jL«-5l Aiajuii) iUjL>cJl 

J\y j /yJ ^Ji Jj>-1 ^il Jl a_pL>-j1 j o^Lp^y ^jL* (o>b jv- *) Ji J? i-Jj-Jj 1 ^!! 

3ujl>cJl Sj JUS^y (j: ^>-l S y> Ji i3ji>xi\ ^>J>}\ "oj\ j>- jy. Pjo 

.(j/^! ;LpL^JI Sj^Jl) 

jLui Ulc bjl — » (Work - J*-*) jLiij:. I^JLp jJ>«Uil ^ _jjJ jl L^. ^ ^oL 0l5o ^i*^ 

aJidi 5^u53i ^jut ju>n 0j i^o.i ^ ^ (yj^) ju^i .J 

^ ^lii; ^1 tl 0 iS^ 0^ iJtC. AilLii ^J^^r^ 9 : Z ^ J 

L^la^ji ^^ip L^iJ ^yi J^rlll Ji-iJl ^i^— * O jr *iuJi > l j L^L» o3 jll Slilkjl jl J_JLo 




.l^iP [ James Joule - J j-^r ,j— ] 

^Jl ai JJL JUp^I jL-iiiVI aJlill 2U5*lil jLJ\ J 

) — j <jSlc li J y>r j c ( J ; >*X—Il «wJ jjsi> ^ ^ L*^^ J A_J id 

J,l O Jul* ^w>rJ 0 1_J -^"V islkJl ^ a^*_<i JLoi' l)1 t-S'jii lil iliJi J^~- i J • ^ (A-JUiJ 

asiyi (J-is*) Jjj^ aJu^.l jjuii 4i jj^i J-^k JLiJ-i dii: JL._j Jju . sjju ^ .k^i 
.as^x^aJUi Aj^Lil^L* sills ( c-J IS' u^.» — aiTy 2uS'L> ( j:f ^^a^a^^Jj a_jji yLi 

L)i Jbw l*-^ ^gXil o^g-Jij! A^s^ji-I oj a> l) j^Ja^j ( jjj\S) ^5 Ji j I J a 

lA^aJ U cl>- ^x5l (*i jUl y aS' a jiil ^\ c^Liw>-j o-LjISsaJI) 

jp Ja ^ ois J^u- Jua .ia ; uj^ jCJ.i i*itJi (Power) SjOili jlIjJ 

t^JJi ^ c^jly^- «5 j* Jl a5V1 Sjl^ ^ -UiJ ^ olS" 

J^p ^ ^ SwLj j _j j jJLJl a^s'>U- j .a^b e li ^1 j ^Jj (Ji IajI^LaJ ^ju 

^* <J-J^ >^"' ^ y^' :> ' j ) . l^-« ^r^* ^ ^j^- J-**l c^^* " Sj! yl-i (J _JajL>tLJLa — 

ajjl ^J-t ailiaJl tj^>- ji jJL* iij Lois' t ju ^^■''Vt « ^y^y^j J^***^ 

.L^jtLiS* oJ>L)j ULkP L» IJlaj c.(Jl-*5 ^Lji^- jJj^Jj (J.J ai^>tii! 

(ajji yi-i iSLflbjjJ) iuL^) ^Js- J-»JtJ ajji aiS'u <_cl Si.uS3 ( yjis") j yu aj\iS" t j_Slc 
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e=l-T L /T H 



c^L>- j^b 2uS"UJ LijJl JlirJ/V! Sjl ^ S^ji - Tl J _ e Jif <J^>- 

j^p^J ( J ji <*— *t j*^ 3* y 1 "^- ^3 y ^3 ^— ij^ <j^^^ ^ * 

SjjJiJl OU 4_JLpj . TfJ ^ T"l ^ ^ 4 ' J-1 (J J-*^ LJ\>^Ij ^ jl Awsbj Ojl 

100% *«JUl S*Lj£l) clS aLI&I aJliil 3^riil J^J-I j-, ^ ^1 

Op lJk$J _} 1 I J*jJ V Ll*^ cj?! <0 yL^) Lotus' O ^£uJ> (Tl = Th) <3"l S_^U ijH 

Efficiency) S..US') jy. u sj jUil ^ s_J^ JL\ 0 j_* ^ s — „Lii 

a>-j3 373) i^i (Th) ^(^y^ 100) Sjl j>- a>-j3 3 ^lj 3ji j>- cjI^-jOj 

^ JSf j ji (4^ ^uii) 5ji C^"-^ V-^' <V^' t(4alk^ 3jl j >- 

300) J.* "^3^ A (TO J^** 1 t\JlSL»li A-jip^ . . . aJ J-ojJ ^1 iij^ii ojt ^ 

( ^JjlS'^VpsJ (j- 4 ) *djb>tJi otLaS" 4j>-j ^ . >\ >■ 7*^ J 0^/i_J _ (3 al U » ojl 5j>-jJ 
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e= 1 -300/ 373 = 20% -kli 

(1000) <JJ* ] ^ U»- aJLp Sj!^ o-b^b Ail jb^j JU^Ij LS «^i jLiJl 

AjjI jj- oIj^wi [SLilia^ ajl ( 800) J^L-*J b» .jd — ^ri^j *j [ j- > ~ J- 5 

373 L» o ' — ^^^-f* ^tj- 5 212) Ji f - ^^j- Aijj ^ ^'l- 5 
,}U5 _jl (54%) Jj J^" JlS 3j JiJ a*u£j Ji^J v^lJlSjil dlL* Ji* j]i c(3ilk. 
— ajLuJi ^ -^"^ ^j! j CjIj! ; ..Ji otl i5* » atLi^jl 5 ,,...> Ojl '- 

c^i jL-Jl ^ *-JL*N ^JU-i ^1 o&j ^ (% 60 - 56) 

^ cjLLu ^« bj y>\ ijuAj- j c^«-w <_$Ji j J^~' j ^ijU^- j ^_;^>t^Ji 

.(% 25) Jl v-J Ji^Sli ^ ^ 

^ Sji^Ll luij ^L^b f ji; l^i c _ s ^jr. (Cyclical Devices or Machines 
5cU53i 3j>t j.> ^^L. ill; c ii- Js- .d^^ W L. (Work - J*-s.) ji^b 

S^WtS 1 jLxi: Vli. - - L^'b J> J1 iJjU5'4(% 100)2LJJlJl 2LJlill 
— 704 — 



.(jtiS j^j> v*^") .SSW^tiOlAaJ 

(1849) f ^ Ji (- Thermodynamics ajj^i lC*W^ ! ) ^Ik..^.* £>j£syu 
William Thomson j—* y^}] Jikj^ ^L>b J\^\*o _poj u^- 

dlB ^ t (Lord Celvin - jitf ^\) ^ Liu ^\ ^Jiii j [ 1 824-1907 

j Lu> ( 1 850) f u Ji :> ^ (Entropy - AjJ&Vi) apLv? ^ jU 

XL>- wb ^ iUaji Lgi jj£ OS-Las' j—j-Lajj L^ULjI j Sjt i_3^uaJ s j yju Jb ^*->}^ 0 j_Lu>- 

juis'^y* aiij^ ^1 — ^=>V1 a^i ids' ^ (Entropy 2L-J&Vi) J-dS" ^ .^_iu (Work - 
*~KJi * j^J o jL>-V (^rij ^5") cbr .( J t(Entrepein) ^ <_> >-! 
Uber verchiedene) :S— ^u* ^ :>i J jJVjlD c->i JlJi> 

fur die Anwendung bequeme Formen der Hauptgleichungen der 
JiCil * J_ ^ ^) :i — $io*r (Mechanischen Warmetheorie 

jiLj cjtfi^ ju. y^ii (Entropy -sJiii^O UAT jU^i^s j 
(Energy -SiIa]0iU5'^< j ^j^ ( t^i j— j=Itc«U- .44^^ yi 
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Peter - y&A jS) v '(^ ^ 5 j J-^- 

:<U (^yiiS") j ( cri j ys")^ J^^u u .J^V _j ^L^3! i^Ui (W. Atkins 
<dUpi /i^ (s_L5J-l iiS') ( u _^_ 4 j i J^) J ii)) 

: ji (1 850) ^ oj j — t-ils ^jj ^juy. J ^ t(1 X_r" y*^ ^.y^ j~^ J .) ( y > u~ ^ 3 
Uberdie bewegende Kraft der) (S jij->*& J-\ (Power) s j-ljJi J ^) 

: JU ^ (^) J* O-J ys") (Warme 

- jfiK) j (Joule - J >^-) « J-S" u^jfc^i j (Carnot 

^1 oUi£i?i j J^LUu j^i&i f o'b - i*> >*jx» j ] JijJt^jip (Kelvin 

iS.&L.] £j^e>jlnJLfc ^Lvail c[ i> ^jf ^oi jA (i; ji ^-1 tSL»Lj.Ul) ^jgAS iaJ- CJtf' 

. ((c?Jdi .uJt jJii t^^ 1 V** jty » jc^*" 4?i*Jtj j £ j-^A 1 y>*-^ 
Uber] :oiy*> *J j& j ys*) ^ (Atkins - j-^"0 Jwj^i 
[3 — £ J-\ (Power) s jj — sJ) J - (die bewegende Kraft der Warne 

i ^pr ) oiJy (Yung Sik kirn - ^ — S" dJL— . diJ y) -A-Sl -Lii _j . J*>U?Vl 

•f?A\ (Work) JXiJl jlAi* Ob 4 £i4*-\erjj A-»lb j (j-i jjiS')^ JLflJ)) 



X^j^) .(Cut closer to the bone than had Kalvin) ^W^/^ S^^f 
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Jj jj? j^jip^Vl Aj d^JaxJi _jS\j ixjt ^Ji 43 j jJ) (iJllj C-iSC^ J_5J 

.Uwiu&^-jij Su*.-')'^ jJjot j 0 jJlill SJLJfc ia^. — o Lgj^U- ^ Jjb- caL1>- a^JLic* SjLs^I 
(Ubereine Veranderte Form des zweiten Hauptsatzes der Mechanischen Warmetheorie). 

Equivalence of - S-AoV! ^ puJt) y> ^ iAjJjU *>dk«2_* ^Us^-i j _> _^xjLdJ 
jjj^-i ^ ^ j ^ j^—^y ^ )jj> ^ dlL" ^u-i^j (Transformations 

Die Entrpie der Welt Strebeinen ] : t( 1 865) ^ l^Ji y a_J 
.(^uJt Ji LJb dj£S\ J i^S i y^ r '-j^s 4[Maximum 
^wi^ij ^y.u^ui- i^j ^laj A^Li«ipi (Guillen _ j^.' ^ 



^^universe — ^ 
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a jfli) a yrj't) ^ ^ -U=w (*Jj*a* t£t j) <->j*ali tJLfc jw> Op) 

iJL[jUx» ^Jj ^ ^aJ j twiljjji J J*l ji-l J* l^il US' O^L»Ull }Je\ 

4<-3jvalt Uajwa^j (iulL»*> b j&) V' jfzu l» iJLftj t SaI^^II w>U"5U^I 

- 1£ ^^^1 Ob^ljaH 3JL_^a#- j Je>\ Jj\ jij o%»UH )yr^ i y> 1 j 7 ,^*"^ 
•^r^^l^Ol^jva^ ij> ( _ r -Ui05 -V^ 0 jiUS< iJLfcj«J*tfJlaJl&»ui%"wj 

^■^-oiii^lkj — aJljjjJi aS" ^J-l a^UJ- c^U)^r ^L^iS'iSj^^^- ^Ci 01 y <3L~Jl LL* 

> 

i5L.L..Lji crj\yu. ((Kinetic Theory of Gases)) aiytii a/ J~\ i^jiiU? ia_. ^ 
. (Electrodynamics) ^^.^3* ajS^Uoii J^>- ^ Aj'ik^^U 
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j (^_j^O ^ [James Clark Maxwell (1831-1879) J-^u 
Statistical - AJL^y\ '^J >i iSL-M 1 ) <J«>. ^jhj^3 ^ (1871 ) 
9 jS jIj^V v^^ 1 ^Li-^ 1 ^ j ^ j-M 1 ^Thermodynamic 

Ludwig Boltzmann ( 1 844- j- • y. dii^ jJ ] ^ jL~*Ji ^ J*j L^S 
(S-aJlii ^ ^~kj ^ I i5%Ji ^ (1 875) f u <J [ 1 906 



S = kin W 



Richard - j^ji ^-JU ^ji^j ] ,ju*«i-i ySfi ^b^i ^uii ^ j 
j^jg j Sjl_pULi 3 tylj,. cV^i ^ [ (Phillips Feynmann (1918-1988 

ij^^Ju jlS" As^otJl o>l ^—f^ I ^ <v> ^ ^ ^* ji 5 *"^ ,4_ ; JLi; , > l J (<j-* J*^JM ) J-^ (*~ — S 3 _? 

:*L_J ^JJlj (ibj^l ^ OjI jv>Li)^)jJl <bL5' L yi (^liaJl^ ^Jli^l) 
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i^jkjj b»JU* J j irt^l b£c ^sJl OVU»- V' jA b» < <J j 

aJ^oj&OI^JUl^?!^ Vj i*l— VOjOjj- ^yOl^^l Jltojar^l 
j— -> tfj .j/VI b^y^l*oJie- l y>j t i& jtSl^lJtb^y^oVU=s-VI 

sjL^b a* jj^j (Disorder j^D ^ ^ oi 

jJUki^^u ; ^Uaj^V SjjSCll jv^bJl ^r^y? (Jila-^O? j£wJkloVb*»-VI ^Ap 

.(fUaJi^ j^lU^^^^l^j&Vo^^O^ — HoVb^VI 
j& ^1 oVU=*- VI jJ L^b LjsU, tid b&»b 0^1 j 

O^lj -t^;^ '-r** 1 JS* 1 ^l^-W^IO jX> l^—jjjiojki*^! js<?Lp b^> tJs-^OI 

US' t Us iuji j^bJi ijULrai&b 3y> ,^1,1 oU^»m J£L^..i uli /■ 
tAj j^j tLLlaJ l_j (John Hutchinson — ^j— o y— >■ 

till ^la-J j^-l o>U JLP-.<JSb?$Ltbl^ (j^-)AiatfJ bu£ JJJ-^ bsa)) 

Lg^a* iJbr y ) b>jLtf.l Jl bjA^JUl ^Vl tUsr e y> Ob jar 0 

4^b- ^if 0 jX> *U^I ^ LU« ( ; Llai VI) J _^a*- AJ^Ul cdJl frUUl 

. J^UaJl j jLlsi VI U*P J^U ^HaJD ^bj jl ^L-dui ^V (tb^l ^ fill Ob 



Jju Js- Uajl jio Up^ ^ ^j^ 1 o-^ 9 A [Smiliey ( © ) *-^r ^ 



© 



.jSLjJli <>ljJ ^Ip hJLiJl 1 a Ll*^ ) — l^-Jajw A^e>\ Jio fJ-\ a jLsJ C->1 ^.J-^ *\ 

.iLjti-Jj o ^IS"^^ (3) ^j^j y> ^'j L>Lc a^jUui^ 



© 



© 



© 



.'VU^i ( I20)^i - j\jS3 

. Ju^i ( 120) Ji ^r^<y ^ °V 8 

eS j>~ SJl>- ^ j < jl aiL* <_>i <J>li> j>- 4 515" 0 y> yrj ^y^P (a^" £ ) 

^ LS -iajJl aJUJI OL-j - L*J? - ^U-J jl L-dp .clii Jjl ^ I gWUJ (a^JaiJl) 

^ jv^Ji ■> _^>- y jJ-i o'jjy*- _J ilil 0lij> (jw L» £ jt*Jl_J Ju>-i Jxft Ojl>eJ , (a ^laiJ! ^[^XstJ 

oIj J U^lc LgJli (ajj! ^l-i ISL^»Lj jJS ) 5Jt5 JUjt^jL ^ ; j£\ iiSLJl ljLdl«i 

o-vuu -W) L>idj Up jik. l. c( 1 1 ^uSn oVU>l ^ J ^1 j^l 
jljJI (v^^bl-i iJbLl L» 4(Microstates ~ *j j*-^ ^-^^-^ 
Iprljj^L ^ *.lll cUJ ^ ^1 iki Jli, ^ jj5CJ|) LdU- j aJU-l ^f) 



S(W) = KlnW 



^v* J lilt I-Ia Li$L^j yi^l AJU^-Vi Aj'Vb- oj^I j L» ii] ^»UiJ iLJlil ^1 ^ 
(a>-L«-« j1)^»j>«j- j»Jip UJ5"ajL J _oiji ;(ajjI yl-l Ix^Uj^-UJ J,liJl o jJliJl) apLs^ S^LpJ 



. jS\ A^JlxJl <S y£ ^-A r L>- f^y^-cy t^-*^* yt^l 

t lgJi ALa «jLi ^ ^Sj j <L*Ja*ji (Boltzmann - ^y^y.) ^ j^I j^-^ ^ f* 

1* jjjj) (j^j . -5 1 aJLju-I <LJL*£j-! Aa./s^ ojl ^-i o yt>U? yJ ^Si ^ijJij ^ 

[Ernst Mach ( 1 838- 19 1 6) £U c — ] J r <5 jL— Jl jb^i ^ ^J^j 
[ Wilhelm Ostwald ( 1 853-1 932) jU! rt i ^ ] j_aJi ^liSf I ^'U-^i j 
L» ^uijj L*ip aJIjl>o La^LJ Lj^j iU-^i t<oi jl ^Uw^lj aJIju^^—p IjuI I^jLj ^ o!jlJJI 

lS ^j}\ JA^) ^ j$> . ( 1906) ^ J jU^Vi Jl tobujV OL^iii .lXjVI j 

^-j^ j (Bipolar Disorder 
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t-J^r- ) (Leon Colin - j^S" o^J) odyj (*U> ^iii ^jU) ^\^^\ 3 

sJb jjiJ( i-JUll tfljbij ^JTi ^ . . Xfiy*—* c/il^- ^) isS^lt 

4 + * It 

^jjJt jUaJ^VI « iflJ^ll <Ub j-^lj SiUJl OtJ ^jlptUr «• • j^ 1 
cjws j j 3 jj^ o 4 (Lisa Meitner - \ jJ) 
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tl^J jLJ <_£J»Ji y^a 4jt j*-^"^" ^ C^r*"*^ ( j^a*Ji ^Ljai) jl) ^ajiJ] yL~Jl I JlA J «jj 

ci j^J) wjLjjj,^ 5 sis' a f>*Jt>2 J^-jl ?^Lv3 U lij si y- Lja^-i i3Ui>-i JU^>-I j— *_j 

JtkdL JU^/i LU (^yUs)^!^ ^JdUSbrU- ^ ■} . . .Ub!^ j <_£^l Jl l^J ..brljj 

^ivP (S j^tJts y 4__jLa^>-l (^JLa^-^P (Jc-L-^l^ 1 j£\ (,Vtey~\ A JL*w4 _^»^>J 

ft^^i j^J-l J^f^ 10% 

Jflii Sjj-lj c! yfc iJj^r -> *_=TJ — 3jL_il Is^^Js ^Je yd j — t! JjjJ ^^Jt yiJ *<_M"' 
^'Lfij-^l JU^VI jls ^j-^r Lo-f^ l^ 51 ^OcJ^^ 1 X;^^^ O^iyr 

liij ! ! JU^i (lOtOOOcOOOiOOO)^-. ^1 j Jl p\ Ju^^i cr ^ii^i 
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j£-2J V j£\ aiyJl h jl j <J tey>r ( 100) ^ 01* Ji yil Ll* JLe LSLiL**- bU5l 

(GoOgol - j^)^ j Jf-Lsi^. L^>cs- J"^^ 10% /y* 

IjLs- .\AjJI yd V s-f* L«ij ^J-j — liii^i*JJ_j LIa — j yT^JU .<3j_$Jl 1 JLa^ j^Lj^U^-l 
Lpy jl^^L^uj .(100)^-^1 Jl jsa*5i<j:i WjJ^ ( 100)^^1 j 

Aa3 . ( 10 80 ) 80 Jl l&^jA I j^S- ys J\J>Ja£. JU-I L ^ ^cf- ^LipLat* J-U- 

aiLJi « >ib (Robert Ehrlich - ^ yjJ ) ^UVi ^J\xii j ^L-Ji 

i^jjl U) J_^*i-I ajI^" ^ U jS'i sLpt ^cJLil o»bLJ-i ^-Ja** 'I yrjj f Li _j v'L^Vi JS" 

J Jjt* <jf £w=_}l o^" (^^j^ Ji " i ^> ~& y&AS S-ilpt L&i til *i»JU«wj 

ji y a^ CS- ^Jl ... yixJl ^JLp ^jL ApLpI t$ j£ o ^il C->lttJ^-i :>J> 

yJl Sj jl j ^ boLii-U U-c^>- La yf*^ jLis-i £-L-« '^•J ( 1 0 27 ) iS^ ~ 27 « *a)I J.J 



4_P 



10 10 



27 



JLi?-Li abjjL*j oUjIi iil o-^L^-VI (-jL^xj jS\ L$ ^w? yJ _p^3\ Li* 4_JL> jl 
. ! ! j>^>\ I2JL-J 4JLui~» LS'jU ajuLjzij *L-Jl Jl (^^j^a^S ) y*-l Jltf ji5 4Jl5dl 

C--VbU J] dUf ^ J t V>l jiVl oVL^^l j j»UjVl aJu ^ ^jLSJl <Jjij* 

eL.jgjl^l jLii^l JL^U- L\5 ;jS ^lj JLJLJbU <j^ijL*!l ^Loj^ ^^Ip j.W:" A-i*jLSi JLLiJii! 
3^-^ aJu_l>- ?j>\ y> jj jj < _ S ^*J L 1 jjts j aJI j^tjtil A-i' ^ L^ys'b^ Jl A_sL>l 

— A3tUi) ^ ^iji <J-^> O^v^-i aAs-lj riJi5-'>U.(^_'- i — 1^-* LS-^^ 

. . .(Entropy - aJliJ^l) _j (Energy 
jLlLi ajL (Gibbs Free Energy - &\^) ^JLL^* ^3 ^ 

L^lcj .^u (Work - J-*-s>) j^4l ^ Sjj-dii ^.Ui ^ ^ji y- i _ s $L*Lp ^lLj sjUs 



G=U + PV-TS 



2 Jll!) Ajibtll £,* AajL-JI Aijliadi ^i^-i-j 



AG= AH - T AS 



.(gjji >i <jl) filial aJbi J ^iiit jIjlL. - AHJi* «i->- 

l>15" lil U~i SJL~JJ bsij** Zj^j^? Lf lp v_, -jo^j oy~j V^ji^ «L*j£Jl 

J, j ) [ AG<0] c>i : p JLii f UaJi >>- ^ ( G s^i 2iU*) jLii. ^ uJb ^ 

^L-j-iJi ^i^^-^ 5 (Gibbs Free Energy- s or ^2Ji]*)^lk^.o l.1 
[ (Josiah Willard Gibbs ( 1 839-1903- > J 3 la^. ] J\^SS\ 

: U (Cowther - 

a + s 




AwJlk s. 01 (Ail jv*r j AJl*-W>i Jli j idj&lj A3\A jvaJ^ J OlT JLeJ 

Uit ^ a— > ^Jll ol jbi^l j aJUJI 5.L— iSll j AjiUl 3LJ-1 CJ^^j ^ jt 
AJUIJOl (d? jl A-Ap j tp^UUsfct Jjt jJU^ j^s-jS j cJSwi j j^Sit 

pjfcj ^1 £j> iQv»t.-..i,.." U Vj Ajile jjl ^l£3l j-lflJl A> jlaJl AJt jbM V j A> ^J&\ 

.4>}& j aSiajus^^a)^ jili <u*ii) ^ j^ii j <su*ii t^i* j (Yale 

A-oJU)! Asil^o^-os.— )Uill juljl AUuIj* ( ( j~~£') J^Aiiji Jfc » U^gUtL-Jj 

. ((asj j A,-,/1t* M "Jl 

:,jJL, U (1 944) C U ^ (jwc—i^) Jjl 0 y IS* 

cAr^-l ^>^l iJ^lT^J <Jj*i ^ ~ ^—^J S?' ~ ST*^^ ^ ^^ji)) 

.((...aJ JliUjrj^aj ^{ 

William -y.^.^i^)^ — "i£Ji — SiPo J _JL ! jJ)v 1 — ^ ^— >y j^i 
:aJ jij ^ji l5L.Ljail ^ jIp Ji»- Jl a^a* ( L-r ~0 Jt (H. Croppor 

sSijJ& (^y jJ) aJ tA-J jl \5L«L[jJI ^ ^ixiJ Af — J O^rr^) ^i 1 * Jg **)) 

(^3^) iiy^i^si jlij^^oiu a>u^! c^jy 1 .A-pi^ij^^' 

l^i, ^los j|j ^JtiiV t j a* IkJl ^rw U ia#y ^il A6*jUJl JL* CJ j>j (^j^) -UaJ 

- jM&l ^U-S3l -UgJrl O jj ail ^t^p-JU-J^ — JUli Ml 

^ * ji&fj AJi^ Lui aJis;i j . . .(Chemical Potential Difference 
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.((... ^(^jlOf.H* 

HesssLaw- jl-x*^ Sji j^>J, j <u^,i o ^-JUiJi 

LS (iL_*ii 4 Ls^\ j — »j (of Constant Heat Summation 

Germain Henri Hess 

^L*£ i J*\iB i f\ l y>"Al*J.\ j\ 3>4K*{\ o^Ia-^ ; Ua« ji J^^^jjl j :[ 1802- 1850 

.^'1^31 Jptisll £U Jl jll Ask-, jj! jla^i ^ *£U \ 1 j iyasJLl 5jt /■! jUio ^Ip 

(^Ui*Jl O ^s-iLxll) i_jLi ^ jt5l v^L^wjj j yUi\ iJLfc LiiUl JbJsi C^>t~J J—ftij 

2U j, zjii^i (Bonn - j^-.) ^ ( (J _~jjys') ^ ^ ^ik^xi j ^_dt ju 

^4*15 ai^Sfi VplS^i ^'j^D kjp l?^ ^ v^j •( 1888) fU*. JLJ^ 

(^-jj ^IS") aJU-I i_ij>cj>«j^j c4~-jLj (^^S*) c(Boston) { ^rii*> i _^ oXol*jJL4j(o j-jl5lj 
c-ij ^Jl jjLii ^ OUiSU jLp! .Uli c ^ jU. ^ (ajjI ^! lSL.li.jdJ ^ jcS\ <_A/!) ^JL 
ax>^ j ( ur -j j^K") Ua^ (1850) ^ ^ Li*^ l^wu»UijJi JJi>- h\ jj aJLJL?- 

^1 ^1*31 ipUaJi 5~*J>L> UaJ (^j—^) j>Lit US' ((jAiil 0 jJlail) J j>- S^_^jJi j 

( 185 1) r U J> g;i j-Il r UJl ^ ^ j y\J}\ ^jLiJd (j-ilT) ^jjiii U> f ^ 

jliUJi ^Lii US' . djiJUJl (^^j JU^pI j <±j y*j ^ AiJlJi UTjLLua'I j UoUx&l xS\* 

- j — i^u^ ^ joij) _j (Debashish Chowdhury - l? jj^ ^-a J~&&) OL-iJ^j 
^ ( 1 850) i^J*j (lt* 3 ^.(Dietrich Stauffer 

hj\ \SLsLjjJl a jJD iuilij d^eii ys') jlSCil j oUjiUi O&i^- JU))) 




jlo .^^j^^jl .^Ofcll Jl i , J^ tAaj^fr&l f jls ^3 (Jj j — 

*/Jujji4--»ft( ji5 J L-&^i( crj jjis') j ^iii jr a 3 >j*j(J.W.Gibbs- u -~s' 

- Uj-...ai*ij l$=li - SjjJL^I <tfUwl <0 cJL> ji ^1 ^iyli Jk»-Jfl ^Xs 
Xaa3\£\j t CJL^li jftj ^ j<JL1 4*f> jlJLAftj^U^JkjJi lU^j 

4 4-#wwj SJLaJl JUil ^ ate^j ^J^f ^ ^V>~ "ligAii ^1 I4J-U ^^1* 

Elizabeth - ^ jJO ^ .(1935) r U J di-ii jv^i :>u^ 
^1 o^jJi JUaiJ-i ^ 3.b yiJi cjLl^i (cbj^i aii) LgjiiS" ^ (Garber 

JkjUi.Ujllgj* ^*y^i ' j^^lsJi 0 y&^uJiU, .^j^jjjyS") ujUjIj^^j^)) 

8 jvsUl OUiJbJI u U^bi j OLL»« Jp-wJl tfl j^lj ) S j ^'^.j^ 1 
((.... <u^ yj <U<>1 ^ Jl 4*! ^ j L^iU-U« « Juz3l <uLli j 
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.^Ull ^^^JLJl j^tll j^J&a J 2k^X>£\jS\j^jyj<*u t AS 

"Jfi i UfciJLo iS-S^f*-) "wS" jjSl Jjj ^Uai (A-JUil) "WS" (Sib j) *; JjV> ,jt*&i J 
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- i-5L o*>A53t tbj-ill C^si ,ju OlS' («jl^J-l) ^j_^L> ^-SU^ Oi di-_U • 

^Li^M tiUj J*)U ^ j .l^U_*SC>j 5 jJJI oLi dUJi; l^U clp»-^ I j^l - "uJJl j^l iA^-U^j: j 
*Ut£d tULJl^ ASU- Jlitf-I *3bA j .S^t ^-1 liLaboJl ^ 3j"i j j ^Utf .Uf SUUll dUs J-r-'yj J 
! !(* jl y-l "iLsboil) *U- jJU jL^l^ ^U>Jl C^lk~il lit U* jl 8^ ^! "Ubij OLJ) 
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ia--! c*» J J JU»-^1 £ ] 0>j& O^M* (999) Jl 

!!(<UjI jii jl/j 0 jS^I) t ^l^l ( jJUi?-'ii^ r «^l jX*f> (ft yu>) (t^u> ^ ^ItQfi i jar j 5JWt*jl ja 

!!••-■ ^1 err 1 ' ^ tUa-^lj ^^JJi jklli l^Bjf j 
Edmund Beckett Grimthorpa (on the Origin of the Laws of Nature). 

Steven Koonin. (Wliat Are The Grand Questions in Science?), in Kuan's (Closer to Truth). 
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djtwt j^y 

STOKES'S LAW OF VISCOSITY 

1851 JJL-JJjJ! Sgfc 

.tgstj^^oj Sj^liiU; jiaiuA^ Jj^^oj 4jt^^ a >£'L^3^#^4k4 l 4^ v^^* 

^bL*^ <(STOKES-EINSTEIN RELATION) u^ib tr^ 
CLUDE) j jjtf j t(NAVIER-STOKES EQUATIONS) ^-^ jj 

Cr ^.. c(STOKES'S LAW OF FLUORESCENCE) jJbiJ 0yl5 ^ <(NAVIER 
ADHEMAR BARRE) ObJ - oJU _^ ^jb Lol _> t (SIMEON POISSON) y^_ r . 

.(DE SAINT- VEN ANT 

:1S51 ^ 

Herman - J — 4 ^ jHr^ <_s — -a^aiJl <_J»J\ii t^Jl^Ji ^ - 

.(Moby Mick - *k SjJuLs oj^ (Melville 

(Reuters jjkjj) >.? (The New York Times 
^ ^ oc^i (William Lassell - J—V ^) VI vC -50i3i ^L-i^i - 
(2> (Ariel- o Uj0 (=sr *~^. i* ^^Uit ^ (Uranus-^ j y)^.^ v^xJi Lip ^ 



*J j_Ji ^Ju- ^ j^i iil^J! *JU-i la*. ^u- ^ ^ ^JJi ^ ^jJjJi j-j> - (Fluid)^— it-is (I) 

.|*rj& .(Gasious Stete) (Liquid State) 
^L,V_^ ^ V'-^i j u- j^S'i « i— -ty ^ (*5>i JL-f) ^ JiiiH (,> ^ 0 ^c-^ j -Ariel (2 ) 
JiUi ^ oj^& j .(2000) f i* ^^-^^205^ JJL-JI J* j jjj IU ^ 53 1 ^ J-JLJI JU> j 

.(^^.(Arik - JlJ) j (Ari J)^* ^ JjJ 3j>J&yi 
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/"(Ambriel-J^i^ 
.^L^Vi Sjb^li c^lv Ji j (MACY) ^ y Jy ^\ - 
y (Roland Hussey Macy - t=r -^« * ^jj) ^ .r*^ 1 jy^ 1 ~ 

yiib^Ji JU^V (Macy - ^r--^) 

(STOKES - O j-^) {J aH Xfl)^}J> ^ b_ • J^^- (v) 

JJLJi IJi* ^ sS" y^lS S^i dAL" 35"^ ^ ^Ux^ ^1 ^ (F) iitfo-VI S y jl^U of 



F = 67cr|nv 



ajUcJ 1 yslls. Lj^j-b Ail ^Jli ji L_Jp cjj.LwJl -LS'bJl ^L-^i <j:j__ * iil j^Vj 

iaJb ^1? a \\ i^Jtuaj ^> ^j—^y (i"^) Jh> ^ < i? . I ^.y* (F) k- ^bi5i 4£"b-v? k_ >-^i^j 

>( JbJ US' ^ JO^I diii ^ c(r) 



i^y±\ ^jju ^ii f uii H jj^Ji ^ ^JJ SLJ-i SjU-^ .LiiJi *JJ J/_jii ^3yii L_i jJiu -AmbrieJ ( I ) 




^ jUa*^ <_>UaJ( ( _ g _ie- <3-lk> j (The Stokes Radius 
cbJU.^U . o iJl*> i^JLp jJajj L. l_Jl=- ^\ j _JtU (Fluids) 

aJb- _j OIj J ij*** t^r o»L-L£J ^ JL_=^~J ^\ (Units) olj^ JLjw j 

ji\ ^J^- u j^L. Ll_3-i j Lt y> y^)] c> jL^j ( 1 pascal- oj_^-i yi JiiL^-L!i) 

i^Lh^j tL -^ ^ ^ — ** ^[lKg/(m.s 2 ) - £ j-M}j*+ 

jlou' clii ^prj^ UJLp [(lmpa.sor lg/(m.s] j>^J aJLvJi ^LL-J-l 
293) 

t(cP 1 .002) ( JJU*J\ clil ^>-j^ A-Lj (aj oji j>- 20) J-^^i 
Jl£L>Ui ^ ^ ij^ij {_■:_} LJ^ (Centi poise - cr o^j ,^^0 ^ (cP) 

.[lmillipascal Second (m Pa . s)] 

3l5" ^1 Ufs^^J jii ^^ic- ^|_jLJI L^L-j l3 ^ ^1 i^jliil jLl.^ 
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^'yi gtl$«JI gAM 4*j)l jlOM 






(5-S>Jl J! 10x1.8 


<20C°)Jj*Ji 


O-S^flJl^jiyO 10*1.0 


(20C°)*L_!i 


10x4.0 


(37C°) r -^-Jl 


(2-5jili Jl^ji^.) lOxl.O 


(20C°)Ob<Jl^j 


1.0 


QOC^otf^ilcuo 


8.0 


(20C°)5j-l3isJbHj^ 


1000.0 


(Lava) ^Jl^i (^-i 



7 * * * 

c^Lijju^ ^^SLiJl J^_jjiJLJi d^ta^l djjfjci 1^ jjS"Vl ^1 jJj-sJj] 3 ^* L_$J 

_j (Pearl Shampoo - S&Ul **5U yuiJl J ^) J ^ ^li! 6^Ji (1970s) 

tf^ j CJl^ » ^LiJl Of JLfl^pf j — A> ft^^lB tU^I J>-^ (*J^) J* ^ JiJsi ^jJaj 
. !ii Ax>Ja3 42*e^L» ^? <Or jji oJLSi L^^U j ^LlJl £jjif ^ £ji ,ju 

4JU-b J* f jlj ^» 4 (2yy5l)JjUi iiii Ji4 ^ ^1 ^JLl d]i JU JLpj 

J^s^jsdl aib- p~*Jr\ ^» <^ 4 ^J fi, J cI^Ip (^jVl * jS a^LiJ L» £j_J 
jlJLlcX^^jo) (^f J — fUJl J^A>- ls> j-^U, p-«*Jrl 2 — JU-I oJLa <>s — 5 _j 

. (Terminal Velocity - uifJl a»-l 

JojJii $ . ij.SU-i 3^5^ 2L«*jii Ajj^Uzp-Vi fjr&v, UJb 6 j^J — JJLJl ^ 
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cLJi^a by s ' &]^Ji> } cL~Li j^w. ^-i ^^»" 6 L_i* (Stokess law ~~ y^* 0 j— 
jj ^ oj ji4 ^ o>u~~^-i jj ^ jixj^i j-- jiCs aJp jv-j'u 4ji j_ . *y j 

iJLa (^y- j jJLSj) l_^5^pj (Sedimentation ^ y 

JU-bJl jj-^ / ^ ^r^J jV^^' y-**! <ji-^' *i^ s> J ^-ij^rj Aj^Utf SL*-*! 

^^aJL^>- jj^-sti**^ .(v^IjLp ^1 ^jjl y« c-ilS" «•! y*') SjJlii jll ^'jLj ^ <LL<ail jil ^ 

l \*aJ& j cL^j y^- ^gJ' pi y— Jl « ^1 yL; ^ ^J-^aI^-J Uo^ t^JI JUjI o>\ c-LUisiJl 

^-•Le-li ^ <_c*-^ <^ji^si\ t Ja\ \ $~i<>'~> 2>\ JA e\ y$3l ^IjLj ^ jLiJl Jj-Jlib yj 

jiVI w-^-> y CjLU^- ^ 1 JslJ ( J-* Jt * — '(^-o-^ 1 ^ 0>LL»s*jl CjVL^jJ y^^ 

i_Jtbii v_-w-^ y"_j J AaJj JvooOyU jwlli C^LiLjj ^ jl yi ^gip aJJU L^-5i jL-L^l aL* t y_P 

jOu L*^ .JLpIjjJ! jj^l ^ULl^i^V I* y.y-^ SjIpI cr i» yt5 ^t,/?^ ^s^vsiJl oL« *$Lo 
(j^i ^y 0 ^LiiiiJLil jl>-jJl i^^-^rJ.' j JjJj£ ^ 2L^>1>- li j y'Lajl l^LJS 

4_ip L-c^ jL-^i^l iSj\-£ <jr-* " A j 5 oJb>JJ _^il k_^y 

L^.L>^i jL^^ diJi^ (Aerosol - 5 — ^L-iii ji ^UljJt Aerodynamics 

o'JyLil) j tail ~o ^Ji*) t _ s ^^ J ~ ^-tr^ ^ j> CjUI jJ5 V'^^ o 1- ^ 5 ^' 

Terminal) V'^' ^— j! j'*-^ ^» <j:jL-^ ( j_^LjJ) J">^- jl_LuL^jI 
^^If. ^lLJ^j ^up *j_Jkii aS^lSL; j yisii I Ju jJaii 'ij .(Velocity 

^1 3LJ! j^Ji CjIjL^I «w~^-o diii _j <J^ly Uail ^y* i g ■ J-LP yi-l (Jl yliwj ^—ilall 
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\ JL^j aJLi ^_J-I j4 Ulp^ j Jl* (ii ^ 0 j-Jls) ^ c _ s _Lc-*J^ c£j_*ii ^j^j 

Ia-^J( ^^aJj 0.2) ^ * 

.^jVi J| 0 jJaiJl dU" L$j ^1 aJI^JI jljJ^ 

^^L u ^jIp U5j (ii o_^j 15) -(J-^ 



F } — 6nr\xv 



"°y is* ( F\ ) <-( F, = m g ) ^c* <j,'^ ^j^j o yii v.-^ 1 »y ^! 

[g=9.8/s 2 ] 

(2Lj1^jJ1 Sp-lj^b LaLu^i l» ^y&j) SJlgjJl S j^Wiil ^ jLlp c^^VI J,J _J 



(mr\xv = mg 



: ^gJLp j^i>t^j ;(v) s jriiaii' /^-^> ^uii J**J_J 
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w-U^xj) (p) L^i^TdyTj (47tr 3 /3)« jiJu^ ij$J> ^J- IjXijS\ ^L-j^I 



V = 



(4p7ir ? /3)g 2pg/- 2 



9ji 



2 ■ (lU00kg/m')(9.8m/s 2 )(0.00U02m) 2 

v = r = 4.8 m/s. 

9 x 1.8 x 10-- s N-s/m- 



(I grlr'Tj L^o->cl?- j&j (3 1) La ^iaS iLojU 3lij»L>v Lgji ijo- ^JLp tO-$i Al^jLLi (jji) ^gil 

t(r) 

?AI>- jljJU jjb Ui (p s ) ^ ( ^UJl) OjL£j c (v) Ji-^Vl t-s^jl J^-^*J 

tiUJ A^.iiii (Velocity) k-ij^ 1 <_£y 01 J>j& 01 Lip jlJlJJ oJu J>- ^ o^ij 

:Ll£* J^S/i Jl U y~ ^ciit (W) i^J j j ^ JpI 
B + 67trfiv - W = 0 
o| U.j :[B=(47tr 3 /3) p p g] ji ^.^Sfl J| (B) ykil w' 1 — >- 1^0: oVi j 
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Xil^jLUU Ll*J*f_j jLlP^I ^laJJ Jaiiclil iiliS' jljj^ LLbU ^ US' t^JLjJ jlJLl* 

3JL>- ^ jLipV (_}J ^J^l?- la_iLJl j»— Jrl ^c_^>tj <_cAJl V?,.* y! Sites' w^L-o- ^Lojsil ^ ^ 
iU>J *i>L*-» jii ^lJLpj t^^- ^teS' j ^L^'iO 5 ^ilj ( «~"LxJ!) JlL> jLx^l 



v = 



2(P P ~ p 5 )gr' 
9u 



(0.3)^ J5i ^J^" L»jup t ^.u ji\ Li yi ojfcusj&j (1) (Reynolds Number 



(dvp/ |i) 



^jlli SiliS*- (p) j jLl_L» - (v) j^^ 1 p^-~Jr1 ^ jLUU - (d)J^L-^Lp 

4~>-_J jJ jLlL* — (|J,) j 4j -k~>rj ^ JJl 
0 wis) jjjalj ^/ 

Cloud _ f j ^1 CjI jj-Saij) u5 «~J ^s-^h J*-^- 1 3 :c- 1 ^ J^-*^ J 4-iaSLJl 2L_Jlil 



o,L>^ ( >JU 0.02-0.0 1) oih ' — 4 1 — c J 1 3 (Droplets 

^> ^ii^ (JlN^i'l ^'i^-i jCjuj j* ^_Jt5l (jj>u <_cJJl alii jb»*J . AjI^j d) j^Xj L_«L£ j iaJj 

(^^-S" jZ-*>Q jLxpI Lj^>_ a^^j .^_->Lja3l O^^Jtjp- o-^l ^^sxJsl^ ^(Ai ^Jjll 



s — ^j^iSji — i^iSL. ( j*^ | j- J »i_j t cbii V^J^^V jj-j-j-f -Reynolds Number (1) 

(Viscous Forces ^rjjW (dvp) L$J (Inertia! Forces -i>ji ^-i-Vi 5- — i J 

i&ij ( 185H ^1* ^ (George Gabriel Stokes - ^ J-^ ^^jr jjpr) _>* ^ik^li iI^j f^"^—* Jj* (u) 
a_yu**^*Jj ejLi^ii ^ Jjaiii uV i[ (Osborne Reynolds ( L842- 1912 jJ-J>^ij ojf jji] ( ^-i^<u_.t c_ — 
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, J,li5i O J jV^ < _ f lp Jb! a j yjsj. ^JLiajV ^^aib <U^> ^-jLJaJb lii^ j^Sl 
^ ^1 C^\JuAz> 4_5 jji j j jS\ b y\jL>\ Ji 4_J'u^l>j 

SjjUJl c^UlUi! I j Up ^ _j ( Aerosols - ^l^^il) 5_pL^j o^L_>- 

.iJjL-Jl jl 4.1.^1 j>I ^ll (j^ 2 *! "^Lo^-J^ 
JJjJl ^^ji_^J ^ d ^Vii ^)^_i5l (1990s) oU«J ^-1 jl 

lIJIS" ^JLp ^ c->liL— « ^1p L$J jJlLo j Jl jis c->LpL»J «■! ^gJi ^ 5uJjl* si iJl 

(_^JaJJ JjUaJ 2L*LdJ Sj^i-^iU aJUJI 4il^Jl J|dJlJi ^jju j 

.Uj ^bbjji J^L^S" f Lv^t^'h ji* s *3j^ ( Aerosolized 

,4j j^JllijLflJlj 2L*3jll J^^yi l^i"^^! 

d ji3-l iiliij a\>- jji5l aJI y> 3LL&P- ^ ciaj Jl (_c j%j U olA>-l Jl jJli-l ciXij c |— ^ 

c->LL*p LL. j J y_ * j cL^Jb ^j^^i ^1 _Jj^1 

cl»^Jt-l jliiSi v_3L^ijS ,ju Jl^^JI a5^>U- jU>=jJ iijiji-l ^ilkj (jyk^ll (jc^-Ul^ S_J^ j^^j 
0^ ^lpUjjI ^j!^ ^'-^ ^ •-j-^ J5 LoiS" ^ij yu» (u~^ J 1 *" ^ y^-*) p-^i-^ *-^ <kJSl ^_j 



: (ji jW.J ^L^Lij^ (dc) ^s^*-'- 5 j^S; ^tj ^^v? J^-b Si ^ll (d) oU^^l 



2 KM-- f :.iw ( -M 0 1 >.S ( ) 
ll\ \ tl, I \ (I, } 



U ^-.~?r j>- Oy L-* -3a> y Lgi-isxS"! Ji J^? _^Jl ^ ( 1905 ) f <j Cfc^A 
Boltzmann -^j^ y. c-jUJj [Diffusion Constand (D) - jLj^Vi c^l 1 ] j^-JL. 

.(^- K)uLUi ;j >i [Constant (K) 
JikLJi s^aii j\xl> Ji U ^>Jr LSlfJi ^ij^i v- 5 ^ (Mobility - ^y^j ^ 

.^JL. ^ oj j^iii siJjJl ^U;^>ci! aJI jJu*Ji aS'^i ^ j (Brownian Motion - t-jy 1 ^ 

:<yj . . .(The Stokes's - Einstein Relation - 



D = 



kT 



6n[ir 



(Diffusion Constant or Coefficient) jL^Vi j J-u* y> La (D) _> j 

sJb-j uij yi> ^ i_>-Lvdi s^b- j jjP LLJlJl jl a 5jL_1I 4^*5* jLlJL* ^Lp 4_N jJi t.^-Ls j-^J 
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jd>xi3( cr — S'^oyiS) ef U (1) (Paleontologists - ^Lyi^-i a*^, • 

.1* jlsu uJ oJai.->- u (Spores - ^L~Jx*) 
^UU- ^JLiiS'i iUij (Fluorescence - ^Ik-^ ^U* ^ jji olS" • 

. J^JL) o^lii >M iUiJi- olS- ^ (Fluorite - o^j^i) 
£jyr]j [John Francis Campbell (1822- 1885) J^^^i^* j yr]^^» 
(J^tf 3u Sy^ J^) J> j jL^Jr! [Geotg Stokes (1819- 1903) ^Sy^ 

5~j^r bUfc-LJ t J_j:.(2004) ^ ^ ^^SH (Minnesota - 

^ ^7>-Lwj st-US* cr j^j i>-L*Jl jj..L>^ 1 ylS" ^ g, : ?-L^ jL_> ^jLjIj^ c^r'j'.Jj i^^la 



xS"t (jiJOl t^JWU ^vJl ^*>U> I jd^ ^je>\ cJ^xj ">Wj ^ Jjii - 



Lftjjw^aa^jjj 4y.vi^JL.^JJi_j^ ; jUii JJ u ^ o' j 'i^Vi i-*>> -Palyntology (I) 
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(J III l^jlj 

E.M. Parkinson* (George Stokes). 
. (SUjtjJl »UU!i j-u« US 

Hie Theory) ^ULkJi V UJJ ^ ^ ^ ^ - 

dJJSj QylS' Ji^ «J| oi-ji j£ oJiS' *jLiJ-i ^ L^Jj ; (1, (of Vector Calculus 

dXli (2) (Smith's Prize) o-<— ^;Ji>o j yfl ouu^i jb-i 

Alastair Wood {George Gabriel Stokes (1819-1903). 

lASj ojtw I* XJjiJ-lj y& (Baring Infection - ^lj jb ^jb ) ^>yw L-* - 
[(Non- Microbiological Particles (NMP] j^hj^^p^^^ypJA 



piJl j J ji*JJ J-I&S> j— Udt o-LLwu L _ r a-^oil _>LJ^ .j^ iU^ll 1. ^iaJ! ^ , :^e^V! j J-UJ) - ^ (1) 

i> j^j! »Lj^fl ijo^ti* J^»^ j;^ ' ^ oi-*^^ ^ ^>^=^^^ »> iL ^ , (> — •* y-*) ~ Smith Prize (2) 
^ (Robert Smith - ^ ^lujj j^^j ^» (^^^ ^ ijijidi ^Ui»b ^u^ujij 

oyU-l oJUt j^. ^»^! .Ai-Jl^iltoLj;^ i4_i>J(1768)fLf■^•J(^JiJ ; -" , 3500) Lji^ LIjuL; (ajijJLl jU-vJ^ i_S"jw) 

■V^ ^) • J^ 1 ^ >i ( 1917) f U ^ ^.'^ ^jJl oi^tjip u c Oaii o ( 1998) f it ( 1769) (s- ii* 
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■ ((j*"^* ^ s r~" 4p "~ ^i-* -5 * 5 -*^ (J^^y! sJ>! ^ $ '.' w jH t _[ 5 ^ Jt ^ .Z 4 **^ t^r 2 *^ ^ ^'^^ 
Ian L. Ward* (Clear Beer Through Finings Technology). 



^ j?^) ■ J ^ 'ij- 3 ^ (j^^ *i*hr' ^ riT (ii 0 ^jLS) .ApL/j J aJ — 

wLili i£- b ^1 4 k ,J 3j ^£ 2L*^U/ <J^LJL-^> ^ll JUxiV^— «^b>c>-Vl j il—joVi ^Lt^ 

L»jJ y jJfU- (i jL. ^LT 42 <j?f — 26 Jl ) j jb>«i b_* cJtL o y£ -\i c->LJL~» Jj 
L^l^y Ul^! o^t ^ aS >„ g; jjl ^Sfl - Ifi '^y*&\ ^bb jjl f Uori ^ j - 

Leonard A. Deitz. (Contamination of Persian Gulf War 
Veterans and Others by Depleted Uranuira. July 19* 1996. 



tiLibii Ji\ j 2L5jJi ^ftiC.j ;L*LiJb LfstjAjr JJU ^1 ij| ((j-^ ^ ) Jb^c-I i^jLpl jbui JiJ — 

o joti yf^aJ cJliT b* \ jt£ ^ij O^i Jajti.1 j JjL-Il Jj>- <d _jb£ J^ 1 ^ (J^j) 0^ -i— 

3L» _^f*ii (3 ^iiib i^L~«-xi! ^Jb ( l _ F ^b ^1 _jJL'*>15 SjtJabi- ^/>^l J^> : ^ ^J^- 2L^2P 

^v* ^JJL b» A^waj ^Li Jbi iJbjb j^s- c?u« Jjtil e£-5bJj ^Js- iU^-^l wbJLij 
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1911. Encyclopaedia Britanica 



Georg Stokes - l _ r ^S y^-^j _j-^r] j^l lS^J - ^JKiVi ^Lj^i 
t L^S3i J^i>- J a^ii l aJUpVj iJiSos-Vi ^ uyui apLuIj [1819-1903 

*J JilaJ as_j ajoJjjVi (Skreen - ^-j^L*) 2_j~u ^ 0-1 ^ (^j—S' J— Sj 

16) cj* £-1* a 3m,ali diL' (Bristol College - JjH- y. ^) Jl 

.li! .(Dublin - jlo) 4^*jl. ^ aJjty _j a-^Ijj ^ a_i OLi" j (L_*u 

[Joseph Larmor (1857-1942) jj-jV jpr] j? o c P^ ! yr-^ 1 

; t~^yu. (J ^^j) ^ 

j j i-ijjdi Ji* SjjU^i joJU 4-^^Jisii a5 diii; ois' j 

4JlaJl aJp jUpI csLT loj t JU-! jft US' 4.g,..ll 4J jlail h J^nj"..^: 0 jL« 
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i^j^ j (College Pembroke - ii^aiO ^ ( 1 837) ^ ^ (^-S* ^) Ji 

(1842)^ j ^ Jiii tiii^J^J aiiLJii jj_P 

L5 ip J)}\ A^jiUr _,pbL» ^feij" J^p- ) ^« *it Ow* Ab^j U^Up ( 1 849) f b^- ^ a3U-p1 

^ j ^ j a> (Lucasian jb p y> )'&J^\ ^ f ^ ja ( 1 849) ^ J j 

jUj^i^ai o5 ^A_U^c3-oJi j [Isaac Newton (1642- 1 727) 
.[Stephen Hawking (born 1942) ^jU^^l^] j ^JlxJij J> jA) 

jjiUl jiJl ^-Jsb ^1 J) y * i ** J . CS C 1851 ) fL-f-^jJsS \ jr^-\j 

. j^IlJ! ^ li* L^j (Stokes's Law - <j£ ^ j yii) >_>j ytlij 
jILp oi sis' j (Mary Sussana - bl j ^ jb») 3^j^l ^ ^ (1 857) ^L_p 
Tliomas Romney Robinson ~cr^^j>J^3j ^ y] J>^j^h iS^J^ 



i_ — p-Lil^ ^ij-i t-^-^wUr ^obJt ^LsJUw-L^UjJt J»jLjili-S|i*_ — a^» ,_*_)-Lucasian Chair (1) 

>i . jllajjJi oUjJi o^i ^ Ui _j (Henry Lucas ( 1663) f ^ j — -i ^ i-rpiS^i 
- J_v) ^ f^-J ^- J^^— .(1664) ju l j -IS" ^ ^ U-j^^H iJLs ji^Il JjU JJdi 

.( r »rjii).(2009) 6Ji j** J -^^ t>-^ j» (Stephen Hawking - uU- (Michal Green 
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*£sj(i5 Jw) ^Ji j j-p <y {^SyJ) 6y *— a» .[1792-1882 

JU*1 Ji ^1 J S_J (Jail aJjjJI <JbL»j L_$J Ja>tJ ijLiil ^ g -< jlS' <ol ^ct^S . 4_) j ^iJi I ji— 

5! ^_ci ipUiL^I \Ji£ <djLJ dijUj c^^b-i ^ L_$J jS'S JlSolS' (.L^J oL«iij y'L 

; jj ijj L» ^ L^J i ."5" i ^>- <jj^> «»L*j * j^j <ul L»j ■ "uJjj oLjslj ^JJ <u>- 

if j <D (Diverging Series - U-pLsU olJi jsIO^ ~*fic* r****- 
The Discontinuity of- — L-oip* 

... » V d\ iis'f i^^s^-L. cj» q>\ (Arbitrary Constants 

.(( • . . &k 3 p & <J>&\ Js-wr »»JU1 
— (jLaj LjJL*i cLL£- LjL-JJ , ,^>-j ^J-i iW^P 1>Wj ^ ** Joj ^ ^ aJ^L^I^ c^U^r *A «J 

L^MpI 

LtjO ^LaJ (o^_5sjL» sJT) jjj-^-' °jLp *_j *^JL>- j j-^" iJL>ti^l \ ^Oy.j y*^ ^ *V*J 



U jwUA^^*>^->r J--' 1 ^ •'j- 1 ^ V (Mathematical Series) ^juJi ^i_Ji yi\ yi ^j-*^ ( H 
Harmonic) 3u^u>ii sJi^i j>au'j ^ j^i" ji JjV iijxt- y& l j&*- t y) .^'o^L-JLi 

■.^ } L^>i la — 1( ^ (Series 

^Uilj^i^ [X^ - ' 1 ' - ^ 5 1 r* ] - 1 
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L^J 1 jJ-\y . jjL_i oJbv» ,J1 jl ^U>L c—^Liji ^aii <ul5 oUU^ ^ ^-jljjl 

.J^T J* ^1 <_£_p--> ^ OlS'j aJU^ Ax^^l j ^Li^-S/I 0_>^ *J>1»- ^ Jl JjJaJl 

<b>-^j (_»b£b oLJ-i dJij o-j>r ^ jJUi .^Uiai! 4_JL£ c»] j-s'j 

e if 

. UjCo 'uJs> ^wsaJ a^j jJj J"}U- L*Us>Uj S» OlS' jil ^ oJj I j «l ^ ( 1 893 ) 

<u^J L^l jlS' iS^Jxii uJ^I ^ jj^JI JUj »_«^Lll ^ Uj JbJl (JcUr^ LJ.U0 
^ L^ili A;jfc<>^>eiJ A^Jjij ( 186 1 - 1859) * jUU^o^^S' 5j*-»b>r AjjLJjiJi a^Uj 

(1) (CopJy Medal -^/Uv) 1 ^ ^ . dJiS" dUS J_J> ( 1 885 ) 

jl^JJ) i^jj ^\ j-J^ (1903-1 886) s jLJJi ^ lJ t ( 1893) r L_^ J dU^ 

dJs j Uui (Knighted - ^-jUSi) ^ jjj t^jji j ( ^JLJi l. - LjJVL* j 
t ULt])^^)^(E. M. Parkinson- 0 — -SjL . f l ,^1)^^.(1899)^^ 

;l c( >■ 4i>tj ^ yLw\j a jL^lj (^r^ - y^) J^-^'i ^r*' ^y*^ *^ (iJiJJl 

J^l^ ^JajuiM^ Laj AJljLa^lj iJUfrij <tfUi>l— ~« j ^^Tjs— . » jlS^il Oils' Ui))) 

UyaJi atjii *p jik* j (Hydrodynemics - 0 ULJi JL^y) J j^ot!^ 1 

^i>I^Hj jll Ails' J^T^jr* y-*) ^ •t-fZti J j Obrjil tJjvaJj 

(^r /iO .(394) - Coply Medal (1) 
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jjl Ot j-i^l JL*=— >b j ^ri- 1 V jJL^ ^ 4_^UM 

^k; J J <&rl»u 4j j«_Jj jupj tliai a^-U-I jup <w> l^aU *)L<*p Ol^i L^j V 

oli ^jj ft.* Ji's (^Jp yL-il \ Jub ^jAJI o^L-j^ab ^Jl 5 y Up <j— " « 

c^-a^-l ^1 1 iJLb£' <i yJ.i ^x^tfi yt>\ y>- ^ jj^uJJ *>ULi ^Jj? 4i>u. j Up ^ y> 015" <*J ^ 

. <L....-.o.,.T. Jl tbj^jiJl j AjI^-iJCj 
^ y^j P j^j ^ _^o_j 3l _^Jl 5 jT cUj^s) <JM JU>-J^i 4^Pj OjIJi XjI 

^ jbjuil jL4! ( 1 845 IkiJ jji t ( 1 840s ) ^U-Jl j^i ^L_^. J 

Jl — ( j— « j-r^-Sl £— » 1 — ' — 6-fiUiJ ^ — pj ls-^ <S^ [ > ^s-J^ 1 

j j^,] j [Clude Navier ( 1 785- 1 836) ^ eU ^ 1 

\ — '4 oL- j\ — , 4 [Simeon Poisson (1781-1840) **> 

dUJ j t [Adhemar Barre de Saint - Venant (1797-1886) 

Ojy^-'Vl ijlS' UC. rtJ ^JLp ^yi! jjA>J aJ> yLC.SijLJl AjIj yiij^ djliUl^Sl ^JJ* ^jj y& Jj>~\ 
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Fundemental Partial - a-~-L-"Vi i-jji-i a_JL>uJi) ^^LA\ ^ s_p ^ 
Navier and - ^ y^>$ ^ ^Js ^J>^J ^Ji (Differential 

jj> *ji ^ii dkj*r ^fS^a^i >r^ j j ^ <>* _? (Stokes Equations 

t 5Lj oiji-JtJl 3l!fb£ JLiL ^j^yLJl cLj ^JLiLa ^ A-jtayil ^J5"Lillj 5_L»^>Jt.l 
<upL^? ( 1 845) ^ ^-p ^ <u>^.'U jbu L»Ji y- ^ ("uJlj $ y}^) L^Jl y 

(. 1 846) ^-P j*-^ 5 _} i j-* ^Jl i JJ- j AjyuslitJ jjJLii ^ jL~>t^ cJlj S—lki iflJ^iiJ L_$J 

.(1847) ^ ^L>- ^II v Jui; • 

.(1847) w^-Jl ji^'j >il >5 ^3^" Ji^l joU . 

.(1847)V^.^j 
.( 1849)1^ l^k- 
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.(1849)5^ 




(1850) .{m)l'*^yj^ ^ 
.(1 850) j y^A *S> J* Jii^Ji a=r ^ . 
►( 1 85 1 ) Lwj^ijj Jj^**' <J^^~ j*-^*^* ^a*** : j^^-t l?*-^ ^j^jts • 

.(1857) LlA ^ ^Lj! ^I^U • 

.(1868)Lf» sla^^Jj o-ljUii £ ajljs ^ylp aJKjIi (j-l^pr^l ^ / o-ljJtj • 

c^UL<s>i y> 2 (Polarization - * ^_jail j <jl>l»\jj6\ y ^ji_jL^. • 

.(Diffraction - ^^) 

.(1 849) jj^i ^* Lfj^Ji J>\ y^Vi ^ULi • 

.(1849) JUJbjJ-i dK-U jiLU-i j^Jri as>- ^ s^ii U^lUi c^v^uii J • 

.(1851) y.k5:~U JJUiJ 2Loj*^J] Sj^rVI jL^-lj 

.(1851) ^-ij^Jl j^U- g^l >l • 
(Asymptotic Solutions - ^jliJi J^JUJJ) suj^Ji ytfi jl-jJ&cS • 

: (,) (The Bessel Equation - Jj^) akui 



i^j-i -^jA 1 J'-iSf* yr^^ _** types' J./ i ^ L - 0 -' * il -> Lf*j (J j 1 — i) *^ (j-*— j y - Bessel Equation (1) 
Friedrich - J > ^ >] jLity ./> 4*** j [(Daniel Bernoulli ( 1700-17S2 - J j-i j> J-Jb] s_-JLi 
■M-' J j>j ^ _£> —1 — >- i LjjitJiJ • i ^J~>*i [ (Wilhehn Bassel ( 17S4-1S46 

r <l'v dv ..> „i 
L d x ax J 
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d 2 y 1 dy n 2 



(1868) t(n) y> LS i^^.bV^ 
- s — Jwili J*\ — J*Vs) j (Fluorescence - ) — 5^0 <_« — j ^ — j^i; • 

.(Spectra) (1854 -1852 

b OUiSjALi? (j— ^yj j^i {'jtydty ^ ^ oJLft a ikiJl ^_^l>o 1 

sla ^ 3^ 3_^U- ^li^l Jl J—s^^di^—* (^^^v-)^— (1852)fb_P 

Swl^j p—or e?' ^ j^b-aJl (y^i c ^>>) Sjt^V J ^laJl d\ ^ J Vi to^, toliaJl 

£p6\ L5 ^V^u, 3 j£S\ ^L^^J ^ Jj J JJl ^ ^ L*Jb 0 jl ^ .bV a-^=bbl 
3 ^S*j_o , ,i (1852) ftp ^ L^Jl J-*s y ^Jl 4j>JbJ jsLj J*j^b ^15 w*ij aiJI^x^V 
.(L^jIaJSj SL^-JsLi^j ^ g^ll Sj^'^'I f^ii^u! 2L^rb>- iJ^jIjou j _^>-) (jl <Jl~>t-j 

(Stokes's Fluorescence - ^£ >to Ij-j^ ^b s y>Uii! vtlL* ^ jJi lj^j 

jb-C <J^b j> y\> e j.Joii ^boil pi f L— oLi>^ A— Jj\i — (J?^"-l « j * — ^ 

CJlS" ^Ij b^v^b^L*! LgJj^ ^yJl viJJj ^ (^y SjJb jj^^jii diUij (j:l) ^Si 2L>-^ (J' j^L; 

^il b^l £>\ oi g:I jvSl 

c)l f ^l*il ^y** .l^jii ^>bil 2L^sU»- b^jl :5\j A*X*Jkl ^1 ^II cJ\ly\>: Jl ^ <b*>~^ 

^1 Jl AP fjA 10) ^ J! £^ cL-^r^t J"LJ* C^U jJji 

L^ii ^ dJ j^oxil diliiJi l)I j if L*o>- VI siJLij ^JJ ^v. L^UaX-i ^ SJlxJ! ^(15 ^_JL-Jl 

^i^S/l L^JL?Us» ob ^ l^JJLi j Laj^i^ Lp ^L*jJj b^J^j^ ob^j\5^5l Jl J-**^ "-^ j— ^ 

,(ol _^Jl je- Jjti) oljlJU J| ^i) ^jIpI SiU? ^b Jl (ol jJi ^ 2Lj ylil LgJijIJU ^1) 
^Vl JS ap>^ 10) Jb^ V il SjujlJLI Lkil bjJIjLu ^ ob^^Vl Ijl* 

(1)1 2JbU ojjli ^ b^-Lpj ;b^aws>j ^^Uj b_^llb- c v,b» Jj bb^Uj Ji j*j aJL^! ^ (8 * 5b~Jl 



— 744 — 



^|5sJj ^lp OLjill a-b-bi-l djU y" yS\ <_£ y ^ ,*>L_Js Ul 8 j-» Jj' L^^Lu*.-! ^1 l) j— J ^a-ti3l 

^Jb^j jt-l*J J clgJoL^* l^-Jp J)^;* <L*^»Ul-l diix; ^Jj ^ ) -^*; ^^a^Svj ^Jty^j> Q jJL» ^ j-* <j— ^ 
oli ^iJJ jil (J jlaJl ,jo L» i3 jj^i jLlJL» ^Ip U^bj (Ji jJl ^^Li-i *f lU./oll j j,>- y c ^J^Jl 
2l>- ji) ji oli y yiHl^^ y\\ J yaSS^j dJ^S^li oljjJl (jjOjt ^ 2j>- y\\ 

. (Stokes Shift — Lr S" ^ ^ ji jjl.) <Up i yLLkli jUJi iL-JsLi^ j^^Ji 

- c^ij uiii) S:>L« Jl i j-jiJ dJ^-ij ( yJ^I) S ^y&Ui ; J^I ^ L_«i 

.uyS^ ^>jbut ojL. <n (Fluorite 

t\ A^^JUlii^t ^ y^Jl cAe-UJ^Vl ^ 1 yi jt^»b IfU i<u-ij jS"ij 
SLXj^Jl Sjuji-Vi J *! j_*J-l j 11 _^ ^jPx-^ojjlJ^ l3 ^-J t ^JaJl C SIS' 

(Photosynthesis P ) M\ tijy~l\ j ^ ^>\3iJi 



^j-j^y_ lid F 2 - a-jj^)^ (j w ^l» ^jiu ^ 4 jL^^yju Laji (_;— *— - Fluorite (!) 
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j^S _jf jb 1 jU- a^J ji\ ^ y* ^ (Glucose - jf y&h - J I jS^S\)^\-^ 

2u^li <sJU^i .(V^ 1 cjbLi^l JjwU-l ) a_; j ^ ( 1 864) f L_p ^ 

j&yyA (Diffraction -3 J U^i)S y bUi^oJi(Jiii! u ^ LS ip j j)cJi5'<5y L ^ 
Dynamical Theory of- 5 jik^i ^ *± JaA\) d\ y*>. (1849) ^ 
^ Aj«JaJi dJUUJ t (1884) ft-* ^ (Light - e j-JaJi) ^ ^j-^j.j (Diffraction 
^lili^ 4JUpI ^iJ J| VL* ^ fi <u~iJ ^ jr* dl Up t ( 1 89 1 ) f I— p <y JtJi p_Up 

olS' <Aas i\*x>- aJIp ijL^-4j 4 5Up1j ^ j <JL>- ^ ((_r-^ y-^} 

Lois' 

tUJUil ^4 o j^P ^ ^JJb jJl <JIpIJjIj a jlSol ^S*jLt-4 ^ ^ f • • • LS"^" 4 — '.^ 

JLj V jlS' _ui t ^1 JJ ^ <J1 j\Jry Jl^jt Vj (ojlSCaV aS^) ^y. u3 -p- — f 

jis" 2lSLUi sujfceJri cUzpi jj>-l jL u^j (Lumar - J^> y>) O^J d>- ji _j .^JU Jj 
^ aj^LJl ajLJ^I ^Hy.p^ jL^lj j-^^J J 1 (J^- 1 * ^'_^L"^ij ^/-^l ia^-V li 

:jLi 
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* i j v*-^' ^-O^ 1 ^ ) f j-^ 1 ^ (David Wilson - <j~J j -^p) aiJ 

j£j J . . . Oj*\*a j* VI MisSfi Olf - «U jit ) 9;l&1 j 

0 jfc&J Obj tfU-Ujl V j - i j ^,/»-^.i»tl <tfU«wl *bl ^^^U «y>«J J ^ 

Jj (Arthur Smithells - jk*— » ^u^Ji o-u- ^ ^ jjjt Ji 

iolaull <tf*)Uj j A?JU*>^ j aJLsj- s.bSf js— j L«) Ob Uo^ ^L^ai^l 

(^j)}^) ^jZ- Jj& .(Untyaj j Utl^-j LjU- tS jva»- J»**£-«j jiiwjt^ajUtljJlj 

jj&^J^iLi jil^lTOIS'Xai] ^^•Jb*Jj^J < ltsJJl (^js-O*^ 
^y^Wjbs- JUjAi^I? Jl «U> ybl&s-j* yl j <0 j*J& la jl&i 



U-i j (ar -^ 1 J— ii^5! J*^ ^ hj&> ^ ■ <i*L^ - ^i— 2 -iJ* - Stokes Theorem ( I ) 

^^i^jJi^^kJ^L^jjoLJ^ jS'tj^-^^fU^I j ^-u^j (-Manifolds ^L^iiii/j 

William - j r—j^^j) — ^Jj J — =>y^- JjiOLS" .(Vector Calculus - vc -^i^'V!j-^> 1 ^)^ — ^ 
» jjJj ^"j •< 1850) f (^Jjh) jy ^(/^ j-) j-^) (o*^) J jj^'h ^j^j (Thomson 

.(^ ji'i) o 4^—" cs^i ^ ^Si .( 1854) fUJ (0^- S^) ^ijL^i ( ^ ^ 
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(^jS y^) Jj 4J til* j J (William Thomson - y^^Js- jlL>5 

^_;b( ^ i^-LTif J yyi ^1^1 ois" jj_>-Sfi jJUi ^ <( 1854)^ 

. uy of'sj-x^ Ui5" (James Clerk Maxwell - Jjj— ^ ^r-^) 
^ dX5L-il) jl y*j djiSf <_cJJi ^.^^(^^y^) ^S"S (1891)^L_p ^ j 

j) AjU L^JL^va mUI j j«JL«Jl ^sliiil j^jtJiitOlc^ wiAJJU otJ» 

^0 AjLj J~?- i t^£- ^k- j iAZ^jj o\ 9j wist; S_b>- ^i! *)L>L>- (^^S^Lju) J «J 

(The Times Magazine - ^) «*J .^JVi dAJi o> ^ *Ji 

;^Jj l» ^jJl diJi ^ frl»r «A* j <(1903)fU <y <d*rSf ^ Jy> «j 
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J*;- jJUlSiOl ij^'^jr 4 ^ pi) J^ 1 ^^>^ 1 HC r iiUi( cr S'j:-' 

(3^^ V" e ^T ^ 

,Ju ( j^i ;4jIjL4| VjJ— JJ^ ^iLnil LL_a J^25 oil J>\ Ails' ^'j ^g—^Jjtii £_-*£>til , j—^jl^ 

^ Jb-I JLp - jJLUT ^. Lj - a^I jJLUT U5" . (1964) f U ^ jJ.UJi ^-oQ^I 
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Physicist." School of Mathematical Sciences, Dublin City University , Ireland. I Wis: 
see www.emdc.dei!. ie'Slokes/( iGSmkes.html 

.tfcJ^LtJ^ ^iJb-V'j j^l jkJl J*jiOj jw«j4? \z£s_ i ji}\(tJS'Ll\j Jj\ j&l 

James Hopewood Jeans. (Physics and Philosophy* 1942). 
. (iLiuilctflj #. UJ_^li ) AjGS ■ hU"^^ 
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. Aw U-i »J> J.-K-. .< ^Jl 

Henry Augustus Mott< (The Laws of Nature and Man's Power to Make 
Them Subservient to His Wishes)< 1882. 

Karl Popper. (Objective Knowledge. An Evolutionary Appoach). 

- (5,-JW\ JUJt-i oi ji^p i»j ^ ^bJi /i j KBoyle - J^J) u»-^ j-* . ( 1665) 
«uj\SLo)] £i ^1 Ji*i dUi Iop U-i j ( JU; j ^U-j) ill tot j)f 0 I j* a* U**^ 

ois^jjij ( 1644)f jj-^t ^tf? [(^r^ *jH ( A? (Descartes - 

,(5. : <?...l,(iM^3Ul) 

Michael Frayiii (The Human Touch). 
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BEER'S LAW OF ABSORPTION 
1832, LuUJi 

t(JOHANN LAMBERT OU^) j c(P!ERRE BOUGUER) j*. ~ 
THE) j&.-iS^y.dytej c(THE LAMBERT - BEER LAW) y. - j y\Z j 

.(BOUGUER - BEER LAW 
:(1852) ^1 6, Qi&\ > 

l^.^ (Harriet Beecher Stowe - ^ jy^. <^ ji*) ^ - 

^gJLk, jJi j^ull uJy j u^kU (Thesaurus - j>j J j^ 1 ^-v-^ - 
(Emma Snodgrass - ^> ^ >-» U) - j*Sn cJ^\ j (Peter Roget - *-^r jj 

jl j JjV A-^rUrjJl 5J I Xt..^}\ ^ j yil j jl>Jj jt j 0' Li ,(io) 1^* SJLio^j ( A )j-* 
. (I) *J J^i <_c JJS jj ^Li ^g*LJ^ j oJ*>l^- ojlii e j_JaJl &*»y>- ^ ^J^r > l j 2 -^'- 

j Jllil lAa ^ Ljfbj L^vLo^jjj 10*^^5 jJall jL*i( J jl> £oj (<us 3b I Ail S^lil \S J 
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:SJB si>Ulb 



/I = £ X C X /, 



h\Si\ SjjLjj oljjVi 3Jbu LAI* ojS j (C) J ' J jbJti ^*Ui^! jLULo (A)J^.C. : >- 

j ji>J. I jk^> = A tl)i U> / lil O^i j .y>Lso*)l) c-jI^I y ^Jkt c^jL*!! J^*ll {S *^i 
AJLiaj JLLP j jjLaJI \ JlA Sii J^-J . ej*)lp- jlil c ^Jali oU^j <j3 y* Li jj^s (_>t J jL>»ii I JlA -aif, jjis ; L« 

:y> ^T^Ijj jji^£,(A) ^Ju^J^^U 



A x = -logio(//I 0 ) 



^j*3 c ^JaJl .^"al 5 ^l^-j 0 ^l-i^Sl IjLfc ^^^3 SjLoJtil S^J>-L3l ^ a U>1 

cUjbLb>-| Si yut J^S- ^y^sf- JiL$l c yjzlS ^ii J ^Ul Si yti ^1 a y Si yti j jJ-^ 
.^[x^s^il c. jJali ^ ^il J ^kil (_s^_J SjLlii Sjt^ ^^ip X^*J (£) 



^- j\Ju SljL» Aj>-L-^i J ^ ^"^-0 S^LejJl oLfljJaJl j><22- i y>j:_ ^l^j • 

oLLL> ^Jlk^ SjjLa jjy i J S^>- y* Ls>J^^ yj Si Sjju>eil ^|jL>eil ^JlJuS' (ju L» jvi>- (jj>> ya 
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. oU-LaJj'Vl d»lj j^-^J ^t>.l*-'l dUj ^ * ^JaJl L^p- y>- AjjI j J JjL>j <J1 jjVi eL£l ^ 

Richard Lee* Forest Microclimate* logy 

^b^iii j ^u^Ji j oL^-Ui jiu [August Beer ( 1825 - 1863) ^ c-fji] -lJ j 
<y>j (Trier — ) ^ <.Jj1 « ^-^Lai*! < y>\ <gl«Ij.aj ^Als jLAVi 
^ Lilli ^ ^ (Moselle J-*^ ) ^ ^jJi J_^-LJ JU- ^L" ^Ji Ulli o.u ^ jil 
^j-^UJi wU JLe- Uij oL-jjfL^jij "L^Jai\ f j-x (.(Luxembourg- £jy — 
Jl^_ ji ^L_kJ j [Julius Blucker ( 1801 - 1 868) j-Q ^Jy*] jUVi ^ j^i j 

Introduction to Advanced Optics -*£UJi oL^Jl ^ (^o^-sti) 
J^>. i* ou^- JJi .1— *i ^lj^ ^-bj (Einleitungin die hohere Optik) 

^ ojIp 5J-j 4£>-b>-l s ^ oLl^ ^ j .(Bonn O^j) SjwU- ^ oL^-b^l iL^i i ^S i Js- 
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4j_Li ^4 ^5) j jij JLj^ J (_d j!^^>- Oj J^tj * j-JaJi oA-i 0? 0 ji^>) •Jjw L*^ 
(_f J> ij ^j] ^g_.,J yiJl ^JsLi^ji f^L^ -Lai Jiiii ^^-^ < _^L< : ' tl^— -5i i-^* . j-U^il JLjlp- 

*jyUb [JS jQ^i (1729) j [Pierre Bouguer (1898 - 1758) 

eiU^i JJ^^^aioIlt jjaJi jki> oJtfc jwt^—cUJi : ^Jlp ^ysj ^>JJi ^ jJsi\ J 
jl yju ( 1729) ^ — ^ ^5 — 9 «j — l5UL» ^ — '» <JT j — $■ y % — J — ( L,^ , t ii i ' 

de la Lumicr Gradation sur la - Essi : (* j—iii J^L^o^i ^ v jU£) 
s'optique - (Opticel Experimcuts on the Gradation of Light) 

^ o jL^i j (Beer - ) ifto s ^jJi ^ (Bouguer - c/y> uJJ^*^ ^ 
t( j« 0 jAS) J-*^ Jl j^j J^>- 0 y'uJJ ( _ s iJi-i «Jl£^j,I *U!a3I ^v* -b^uJl JJ 

i^fy^y.)^^ r^J ^-^^[(Johann Heinrich Lambert (1728-1777) 

0 jC+jj <3LL^I (^jliJlfrjJrl — ^Sj^aJS ^>UJ*5U j^VO jili)2u ^ ^ll ai5LL« ^-sW 
(1852)^ ^(jm)^ 1 ^^ -aJJ'^S jL-il dX*~» jL^xp! Jl JlsUtfJ^ ^iS^^ 
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4iSf c(^<Jl ^ jJail ^LkJi Ji^l jJUi)-! Lb- V ^ li SjjI jJi 



ojj»iuii ^'^^(B. Walter -vO a ^-* ( ^ o«ji3)^J jJisi 

. 1 889 fLf- s^-U ) hjj^ ^ iSy- 



Hide. Aaron John. l)t'\ p!op/)ie/ti of Modem Chc»i't\srv (New York: Dover. 

Mavi. H;irp:il S„ /\i>r<»ncic{>rolit\>y (Binghamion. NY.: Haworth Press. 2004); 
discusses applications of Beer's. Law lo forest canopies. 

^ 1^— iJ jbnj" of 5ji J5" C^-lVi" 'lj ! 1 Ig ..tf-; Ig < e'i OJLr jl . . .OljJLll CJlS* A^UJl ^ • 
U \ jiJL-o lJLS^j '•jj^j 3iU— j ^Jrl^U' I!^^ ^g- t,~ U 45* ^1 ^ i ji 
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Henry Augustus Mott. 

The Laws of Nature and Man s Power to Make Them Subservient to His Wishes 
Lee Smolin (Never Say Always)* New Scientist* Septenber 23< 2006. 

Leopeld lnfeld< Quest. An Autobiogrophy 

JUpI cAr-^ J=3 V t(LaW - 0 ^>V> />» f UAs— i V jrf^ Jl£ V tilit Ito- M y«3l j-. • 

Jilu djij ur !( Galileo - j-Ufc) JupV V j ; (Copernicus - ^ j&j> /) 
J>J> u Jji cjtf" i^iL uk- ti^J aJupi uir^> jsl glk/tW \X$i (Kepler - J^) ?\±p^\ ^ 

Michael Frayn< The Human Touch 
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THE WIEDEMANN - FRANZ LAW OF CONDUCTIVITY 

t(WIEDEMANN-FRANZ-LORENZ)>jy- jJi > - OL.Jb._j o ylS 
FOURIER'S LAW OF HEAT) <Sj^ ^ijy> O^JlSj 

(CONDUCTIVITY 

:(1853) >L OjJW ^ 

'o j\a$\ ^"bu*- (William Shanks - (J — ^ju j^Jj) jLLjjJi J— si - 

jZJ y* LoLp jjj^ j j^r-* J**. d^J^^X^^ c^^-p 5_J ja (607) Jj (71- i_?L_j) S_ili5l 
(^XJLi) 4j ,»U> U <_->L«>- a^U-b Aji ^-ijfcjAl • Vy* (707) (_lt 4jI>Lm>- 4_J^Xj 
;(528)^-«~~<^ ^ji^ijJlj 2U-«li5i ^il ^ o^k>- ju" ^^Lli 0 \jt <-^Lu*j jVl 

U Uo^. (29640) AjkJ* ^ \<i* J *Phs>^ "oJ<^i\ o>b/vyi c^i^j - 
J! ^ j-j} ^ ^-^j a-£L~^II ^^ijVi ^yogj* jiS (76770) l^jL^j 

Oh^ (10) cjJj (James Gadsden) O^j^lS" ^r-^-r jr* 3 !i\jS\^y^Sl\ 
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a 



[Ludwig Lorenz ( 1 829- 1 89 1 ) >J j J iS ^] jTjli^ J ibj^l ^bji 



b 1 (k) j o j ^JVI L_$JL^ ^ 



2.45 x 10- 8 W-r3/K 2 
.(Bolsrman Coustant) 

- - jily <JjJjj jj) 3.ipL~.j (Gustav Wiedmann jLity 
^ cl_)JUJl udx^I (K/cO JuJ o ^ ojiSI U^Jls; l ^ Ujuo (Rudolf Franz 

4jlJL>- ^»LJt_j ti£iL*j ;3u y£ ^ (1872) ^ (jjjjJ) • 5 ij' J r^"^ 4_?rj t l5l C->lj 

,(j;j j] — jjl — OL»wbj j y^*)-! ,^-4 — ■i 0 _jjLiii Lift jL^5 Ojl ^-^(K/o) jwju 

( _ r i*J ^j^l (9)j*ij J >^r! 



[<W/(m.k] 


406.0 




385.0 




205.0 




0.8 




0.01 
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c^LLJsJ tjiiii^ Jj_L*jl j JoJuil 4^ _aJt bJ\i>LiJ oJbji Jt)^>- hl*Uj Ji as) ^ 
JLP OjJu-aii O Jjtll <jL_iil aJUL 5;i y>- A&jJ5 ^ — >L_t« — U» ^j^i i yt-\ J_ wj 3 
J jL*ii ^jr^i-l ^yfl^il o>IS tJlUJl A_JjtL« Jpli^S ^ L* 

^ L$Jjt jJ- SjJaiJi jLUis ^P^jvc ^1 5 i_tJL5i jy^Jiij ?*ydU 5.»Jajj S^JjLi^ 

J~v*>y^ o->*}L>L** (9)^ij Jj>-^ LJowj tSjLb^ijrjl y- ^y^y oj*y^U.o (^^«-» 

. Si j yiii y\\ ^ysjJi ^jt yi~\ 

J j^3y\ ^ ^ /??b? ^lp iJL^^Jij Ojl ^>xl5 1 ip_ A3} yA\ .5 1 ^i! iilS" .J <Oo 

( xi<o c^ljLi3l_j j^UUi ijjjJJi OL^Jl ji ydl { yJ> LUali ^» dX^'yJlj >w— r-j-lS - 

0 L^jUjj^ Sjjj^53\l j^>\j^\ ^ Ubijj^- Ajii y a£ y>- ^jt^l^j (L^Xj*>*l^ ^ — Pj) 

.l^Ip aLjlJkI oji ^pjj l_» oil* y ^^jij^ ^ o^—s- ojLj ^j^Sy\ 
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^ ^Jw^ ^ j_J ^L^l ( y>jj j4__*Vb>-) ^Witj ^ jL_ 4 C~-^Ji \— *-U^ (2001 ) 
Aj^jij Ll^jj £t^._fi_Jl ;<Jjly- 21ptj3 ( j_Ja J i>- JLP UJi ii-gJ ( ( ^_>jUtJ1 JL-j—^jI) 
^la^JJ ^yr? -a ^L&jl* j t ^ = W S ^JbtlaJ) «Jl* 4*>jIj3j ^_jJj3 ^ ^ .ly^ - e . 

.il ^ll o-Lfc < ^^jiiJ ^ Lo-^J ^jli ^ ija.v' J 0 jl^ ^£**^_} o.5tA>*i» O-'ljwb- 

eUjJ joU JU-i OW c?^ 1 (n (JLjy U» ibl— ^ Jr-* <J^^ ] ~ 

w.-LjLiSl dJLb ^LL» ojS ^.Jtvail 5^aLuu ii^LJ j i> y£ jllp ^ Cil 

slJU^Vi i^v .v 4 J ^ 'j^^ 1 ^4 <3D) y-pi >Si (2) ci -^i j^-i 
s ^s* a-. aULgii asUJi ^\_jyu~. l»Ljyyi iijLSri ( ' 3) (Probability) 



.(^jlt) f ( 1 / 1 000 000 000) j* 'j*: 0 4? cr*^ <£/-~^J ^ (_« — * s-^>i^. ^i—i iji^j :_,_iUi (1) 
(Nonlinear Peltier Effect and Tliermoconductance in NanowiresJ 

.(pJr J.^-.fliL^aj-j SJlj^eJ^ l^Jli j*sj 

.(^ /i'J.Sjiyi-J y>* ^ ^-^j^ ^r^' ^U^Li^i Ja>- y> :Probability Principle :^u^V* (3) 




JLLP (jL^i/i y^*-! (♦— i— ->L~»>- <Jl^-^j k — —Ty^i ' (j^j) ^«-~»5l5l 

^ivaj U^UjI VjLaJ iS ^\ vliJj i_ci — j *vaJl _j iS-lil 2uaLiXj> £y^-^) 5L_i^J! 

^Ip LJ^ < 25 (Tunnel Effect) j-^i ^ ^ j j j^ty y— ^ 
. jlkli yL^Ji « j' y^ 1 ^Wj^ (3) (Fermi Distribution) 

f+jbj&r j&^'i _j c(Leipzig) i3j— ^>\^j \—J\j^jS\ tL*Jx!i ^ t^-^~ '• 



y (Rorentz Radins - > jjJ jiai^^ju u^i^^^-M ;d_jj^J^i ^Jai^ji-ai (1) 
r 10 i* 2.8179402894 (58)] ^jL^j (Thomson Scattering Length - o j — > y c^' Jj-i») H 

s > (ir*^ jJO iS^^S (5_i) iiU [IjU (15 wJl il ^ty 



I 



4Kf. . nil' i' UK" f 



.(^^i) .>i * i jss ^ UL^ji s^Ji jlJ^ (Permittivity 
UjUi^-tj ;^L_»^£Js^jji£ii Ca— ■•^•'■i'-^ 1 _? ^^j^r 1 L^j Jl^jsj^u Cj-aLb : Tunnel Effect (2) 

(jjb^iJi (j> i ((The Fermi - Dirac Statistics) j ->~»j - Fermi Distribution <3) 

J ^[-a^ i^jL^dl cuL«~-wi.l vlXJj JuJjJl ^ ^f-^' ' <J&iSf^ Lr ^— > oj tijl «*-JLi »i>ljU? Jud ^ , j r->vil 

Anrico Fermi- ^ j £jJ\] jJ.uii ^ ^ j^3i iJl->^i j-^** . ( Paul) Exclusion - iv) 
siikl! o^^iu^^^j^nJL-^j^a^ . [(Paul Dirac (1902-1 984 -^li^J.^ ]j[ ((1901-1954 
. bj!^ ^vkJ! ^ (Half - Integer Spin) <Jdi\ ^U~»i ^ ^ Q^si\ jjJt ^i^i) Jji jj 

I^L L^"j {oJ jjU iLijar tj*-* 3 e3 ^r*J>*^* 



n, =\fe r /i)AT 
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^iA J W^[(ElhardMitscherlich(1794-1863)^-S^^L^Ji] 

( S?i cjtjJ^jI) ^^JLiij jlJIJ-i Ja*J! "U^- y ^ ..LJi (Clara) 

tf>JJ ^ Sji >i - f ^ j [John Tyndall (1820 - 1893) Ja* o^r] 

. ^U^i Ji (Heat as a Model of Motion) - 
ijd I. <up (1911) ^ v^i^ 1 

t ^/-sJ-l V JliLl J~~- ^ . yd _jiaJl ^ JUJbJi kJLi^i Jl V-^ 9 ^ 1 J^>- ^ ^ ^ 
jiUil Jp M \,\ J^\>-\\ OJjl JLpr joUi jkJ ^J" oU jjJl JbJuJb JJJLi LjlILp f U 

. (2L^~lsLiil ^ (jy^ (j^ Aiilll ^JjL«J! ji cjLJI JjL>- j 1*5* t yM dA-k-i 
^iUf ^JLjJ [Custav Wiedemann (1826 - 1899) J>L^yT] 

c-iij L. jU^ Sj wAh ^ Lijj (1826) f u ^ ajliSfl (Berlin )^^ slj-l. ^ jJj 

^ o j^LuaJl (^wLii 2La^-I CjL«wU») C^-xS* .0 ^ ^Jl^l yb ^ Owli! j AjjJkl 

^.^I^il L^jUrl AjjJl j oiij 1 jAi"! ^lL^C ^ JJl J\jti\ ij y I,.»-"i IJla Ib^ i)iU o^lJ 
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.^Jup jJlxJl <u>Ip ^bpl ^1p 

■ >»l 4jL*JJ Uj - Li q <Sj 'u>- j^P (>w^lx^! ^ ^ >\ 

(Cologne Gymnasium) ^ >;>^r 0^ J*>U- ^^Jj <oU; 

.(Thomas Seebeck) ^U y *U_>j^i «U ^ «iL^L> 

US' .° '(Biuret) c-^Ui & 3 >^ (1847)^ ^ o\ J!r £^\ 

Iaa ^ L^o Jjjj (^J jcs* .> jLgJt) jliS/l L*-£jl ol (1 85 1 ) f U ^ £■ _jj_J 

E. Newton Harvey's: A oL*~Ui 3 yt>lk ^-.jU^ a^i) ^ jU^-Jjj ^ 
^ J.1 (1 880) ^ li* (^ j^j) (History of Luminescence 

^jjb" a ^* JjVj - (^jU^j) apIws (1888)(»1— «=- OlS^} c(SJ j^ai! 

/ 2, (Luminescence) jUUis ^lk^* - ^bj-iii 
2br j3 J j ^ y 3 (cjbj^aii ^i*;)^,^-] wOii (Alfred a^t) U 



»j j yi — >r v ; ytii { Incandiescence) ^ ^ l j-*- j(*JJt ^il^o Jii Jb^ t^i j^Ji ^. ^_t^_;? ^-U 
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(1864) ft-*- ^^-^ 5 ((jLo.bj) SLp- Ji Sij-jJbj .ajyJJi^^ o 
^i* J*>U- Ji^ ^ ^Jt (Basel) J'm * *-«l>^. *\ jj^t ^ ^—pb^i 



U5* dJUi (iJj-riV 5-~^) 4-Jlt>iil *L«~xJi ^ j jVi iU-Vi ^ (1871 ) 
Annalen) Aijs^ j e-L-^Ji ^l_J ^ j jJ Ij j?- £ ( 1 877) ^ 

.(der Physik Unel Chemie 

3LJL y^^U u^ljiiil J^' 51 ' j^j 4 ^UtU o>L*fl jjJl J t>- (0^ °<-^j) ojL*U,ji»! OJj^>tC _^JL! 

(w— jLj (J jU- ^^aj (ju^xJi Lu ^ v> y>) y£\ d yli ^Li^fi Ji (1853) ^ 

I, [i^> ^xJi *V ^.^ Sjt*»l^ OJ^L^r ( ^^ > - O^-jcJIo j \Jis>-*)} d)Lo Jj j 

.iw-i^aJi j Jj-bU SiajJt* ,^Js- lj\ _^j"U • 

.a*^i ^l/yJ ^jUJi iai^s • 

( 1 863- 186 1 ) 0^ l. *iJi JJ) j (iJLil^ii ) ^ *Ju*i J*Jj 

jiS" L. o ^ \jg teij* ^ AJij (Die Leher ven Galvanismus) sjUS/Ij *u-ij 

Die Lehre vom Galvanismus und Elektromagnetismus nebst) 



jj.V j j^SMi 01 J| j-az>-\ ,^AJ $ (Technischen Anwedungen 

LlAj) .V ^4 0*>L-« ^tJjlj J^J-i^ <4_~*i*3l CjLp j^^il ^ aL13 aU ^ j— ^Aj 
.(Ia>- J_^>J.1j tJJJrl JLiii jibtil LU o^-^PflilSi iaJ C^L. U** «_aJji.l <-^>~ f. 

Physical a-SL^t a_^i ^ii) ^ _j ( 1 899 ) ft-* j jUa^ *A\ j 
: A;it.L>- aSj ^L^j c^-lS jiUJi Li* apI^j <^j$> ^jd) IJl* (Review 

iJwaJ^ s-O 1 ^ ^^ol y **JlU . . ! Uj y& jj ijvJl i^!>Lj 

^JU- . <up 0 iS^jj? j» i-JjJl iu_a3l Jl 5il_i>\ jUt j^ill Ail— i>l 



lit igachck. H. N., A. Ci. Schcrbako\ . and U/i Landman, "Nonlinear Politer 
Effect and Thcrmoconductance in Nanowires." Ph\\icul Renew li. (">(!( 15): 678 bX2. 
October 15. 1W9. 

I l;ir\'cy. F: Newton, ,-1 Hi\tory oj Lmnhteu-au c jmi)} the Hatlksi Times mail 
/W (Philadelphia: American Philosophical Socielv. 1^57). 

Korher. Hans-Gunllier. "(iustave Wiedemann." in Dicu<mttr\ al Stienrilic 
Rh/'^rophy. Charles ClillKpie. cdilor-in-cliiel' I New York: Charles Scribncr'^ Sons, 
!^)7f»). 

•Wiedemann Obiluary." Physical Review (Series I ). Y: ?7-SS. July IJ-W. 
"Wiedemann Obituary." Praeeedm^ i>! the Roxul Sucietv nf Lundon. 75:41-42 

iyi»5. 
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ts™*** JJ^^J (3^** j^J J^J J^'j*^ ijA^-i <Lij*» j 

! t^Jf JU, jJl .uJt a^ju L> j j^asJ V j 
quoted in Paul Hoffman's (The Man Who Loves only Numbers) Atlantic Monthly. 1987 

Lee Smolin. Never Say AlwaySi New Sciantist. Sept< 23. 2006. 
. (iJul UjIj J2j V) AjBULtQ^i nWiTi* 

_jL&l Vj^! LaJ^ («i V' J-iC V Cjt j iji> ijz&j til* jSj 0 

.?<jtft JU^VI UaU ^1 jJ^Sl tUJir^ U (SJL-^aiJO^ Jb-I jll 

l^Lil '**'*' "'*<» 

Vincent Icke< The Force of Summary 

Nancy Cartwright. How The Laws of Physics Lie 
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FICK*S LAW OF DIFFUSION 
1855 ,LM 

FICK'S PRINCIPLE IN THE FIELD OF CARDIAC) ^! fcJU) Li^ 

.(PHYSIOLOGY 

:1355 *»L_fi QIJL^-I 

J £ (George Audemars >o ji £■ j yr) ^ j& J L*-£3l _ 
VJ oi^p Aia V c> aJi _j) jb^-Ji ^ (Safety Matches) oy*^ ^LiiiJ ^ 

.<_oLgJl; ^^-JifVI jfl^p^Ll o ^ j j^j tU^j jUai Jajj — 

. (Carl Friedrich Gauss jtfd^-V ^ f ^ iIa <i " 

J ^3 tfr...,.-? Jjs- jUuil .<^Vl <Ji J-*^ Iaj^" y J^^j-* ,iJJj 5i"y>rj 

Haj-d ^li- clil ^ cUj £tk* 
(^ c^/Oti' ^ (iJb-1 j Ljw y> I LfI*>BjJ j) ^A^"" 

(^ t L jr :, ) ( jij a^rtj ^gx-.-Si {_£ j> T.,Ai ^gip 4i y>- ( _^a>- J->-^>- Ll» j j 
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^A^J 

^jL.) ^5 jj-l jl JUL UJLp- cJjLJI ^l/i^l _j>-U-l ^^^r ^.U Jj'LJI asIS" 

iVifl _j . ^~~Ji ftl^Vi <y ( J X >0) J\ (a> jUj^U) 2LLi>- 2UJ ^ ^i^i (jr^^ 1 J 1 -^ 
jSl jo- ^-lijsr I J bU^I)^ ^* (dc/dx>0) ^^.^y-Jl ob^U a5!^ ^J-i J 

JSJ-I U^U- 

(Fick's First Law of Diffusion) 

( Jx) U S^U ;Liol (Flux) or JaJ S^Uj ^ : J jVl (iLi) jUijii j y\i 



/v = -D— 

<±K 



(^.LJi ^JLJ! ^Sfi Jj ap io>xi 1.3 20) aptj^. clii ^ ^:>u*Ji 




of j^y jLx^jvu ju^Vi of 5lLa>- aLuii ^ aJlj av>uji j caji; / 

Lpy - ju-z^> I aiatxlt aj jL*i) Oi j jSfi «^>-^ ^ (dc/dx) [j^—^ j-S" ^b- j 
jS jS\ Jjli ^JLp L. o^U jUuxil ap jjL^pI aJLI*- ^»-t>L> ^ U3 JjV .[**^ ^ « 
t^jii 2ib ojL^ LgJiis ^pUi (dc/ dx) -j L$^p y>«j ^Jl ap ^-Jl ojjbj L^LJLj 

jL-J A_JL£ ^J-j jl J jlsx^JS Jo^ki A^r-^ ^Ip y^cJ* L_£" y U lil LS _ LatC. 

ji -bV Uaj tijyt-" j J}j—* ^ ((j*^^ <y ^ ^^y^r J^>- SitJai! o^L_Ll j—jS" y 

aJV-vj jj.LJi j jju3i u UU-j . (dc/dx = 0)1 y>-^ jU I^j^j (dc/dx) ^ 
jL^N oU«-^il _* w-jb^l ^ jv^lL t UUl fli jlSJ j . aju ^ J^- jl (t) ^jJl 

AjLUoj>L» L ^^jX^^[jl^LaS^j(>^-'^ j-^-i^ u 10) l» v Jai ^[^LiJi aJI ji^l A^brjwUi- 
3 j lil jUuii J-aL^^-^xJ^ ;aJI j y£ J i _J^ (y^j (3"i) y L /a*^i <^-^ :>t J 
^aJIJ /^oy JU^, (^^1 vJUJl J| a_p jiy 10) X 4] J bjL^ (D) iaUail 
Uj^)tCjL~> Aj) ^LgJ ^C-Vjs-i ~U.k Jjlp(ajLLVi) SiUail 3:>lll j^S" y oi tu> J&\ liLJ 
jLat* Ojj i_Ja./?i) t^jl —J y* - ^ 3jL^jJ'1 ^.UPj (t^—x^l* j^^ji j\jj>-\ j Lsl^» L_jjL*» 

A-wS _l>- .(CjijLvjlUv 10) 1 — fcjLlJL* AiL-o> ^"Ufldi ^^dUlJj (*_^JlS-Ls JI+~«j2> I ^-J>\^a 

^ L^LaiJ ^1 5iLJj 0 (X) -^j i Js- J jVl AJaiJl i j_>- j ^ jUj aJLmII oJl* J_J- 

Xj^OJ^c^^^^^ 1 ^^ jj^-^ij(oi j ^x^x+ 10)^ 

c(x 2 ) - c(x^ - 0.5 mol/dm 3 - 1.0 mol/dm 3 

= -0.5mol/dm 3 
or= -500 mol/ m 3 
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x 2 - X] = 10 cm or 0. 1 m 
^sJi (dc/dx) ^ujj op aJ-pj 
dc/dx = -(500 mol/m 3 )/(0.1 m) = -5c 000 mol/m 4 

^)^/^l5C>(_jjL«^ojj (5000) o£^j$jS\ 3 y& yLJ! i*JL5l o^a^Lpj 

^JLJ', ^Vl Ji^vl0)x4 = D] ^UziUJiilS^aijl^l^^^JoJl^lij 
Jl Uky^> ( ^ /lj x fl/^100 x f 1 / ^100) J ->^"j? - V /tf [(u— 



J x = -D— 
dx 



(Jx) jL^I Su^J ^gig-^A-^ 

Jx = -(4 x l0- 9 m 2 /s)(-5 x 10" 3 mol/m 4 ) = 2.0 x 10" 5 mol/(m 2 -s) 
(Ficks Second Law of Diffusion) 

k.w j J"^- <Lju> o^li <ULb>Jj j^Sl^i J^-"-^ Ji;^ 0 ^'^) > r- w ^! 

^gip tjTwUi (J jVt <iJi jL^jl o yUJ) >L_is .> i^s-s j -j- 4 ^ 

SiUai) o^\Ii jjT y ,^^4 ^iijy" -k^-j cL&Lsil Ji' ^ (Jx) o^L* <_ci jUuil ^^tJ^jL-j 

IJl^Jj (x) ^5 5 aLSCJ (dc/dx) 4x>J C-^jj (,3jL 51 LJli* ^ US' _ / J-( 0 Ja» cjLjjj^-) 

oilil jLtjJi ^Jb^s O jf^^H si? SjLw j 'tj-^J-^ ^* (c) ^J^" O j— 

^yijii Lrjlv~a iJljbl^i ^jji <L^>- 4jl (Jr*J — ^ {* _: ^ cj:> " ^-"'--^J (j^ 0 4ji ^ (c-L-ll 



silil k3^v2J ^*Jg.>^ iili Jjp caJ! cJ* <^->li — j§ Ajlbai — jJ~-\ S.AP 

j(U <•) 

Jl S jLi^l ^ J H ^ Lj& ^ c^jil (x) ilaii J Silil y" jjJJ y*(dcldt)x vi— ~- 
(D) c^Li^il ( j5CjT La ^ . j^Sl 0 ylj^Lc-j (D) Silil jLtil J-»l*-» <jijL_J (j-^^ j^l 

2i ylajJL; tjS&\ Jl*Jtt>.'l J~i"J ^^j—SvJ j (<J^jl y <^-** ij v^^cT* ^ jL-*JtX*»b 

^ S^Jbcil ^{LJ^6\ <zj\'s 4_L>LxJi i^Ujl y>]\ i j^j> (^liJl dii jLiail 0 y^) j±— >j 

^ (Edward L. Cussler - ^-JL* £ . J jji j^i) ^^Jj yi^- ^VL^Ai 
Edward L. Cussler - Ficks) $ju V ^-i jLt^i js~ju - jLiii Oj-jU) 
:"#is (Second Law or Diffusion for Dummies 

^L-^lfl jlJLa* iUaPt di3i j yUml! j Objj^ill JjlJJUfr(4.;.»:M 3 j}Ud)) 
Ctblgi; ^kill OLJJl ^ia-o Jl j^xo JjU, aJ j&Ai jSLJl 4 Jilll yf y ^ 3 j*>U-Ij 

^ lI, (FerrnonX> r A 5jU j 1 ^ 1 j^o^yu US' t4 $ j-U3 a—-^i ^Ui 

.((3iUl diU (JUh JU jU-*U OIj-^-I 



*u ^ra*? ^. U ,. . .-.,.J jj SjjiLi. ^« '^r 1 ' 1 ) ^ u -"-^ _ Fermons ( I ) 



— 772 — 



^u- ( 1905) r u b jj! ^ j-^t (1) (Muskrat - ^ 

CAJjLa^^sJI^ ^ y>A!) ^Ufe^jJ jU**-Jl ^3 2L»L-Jl ^jljLiJi jt ■ J g — " 

sj^L>tii ^i^jS'! ^biu (ji ^—ij^-^ oLu<flJl) £p*b£ jLiil j j -^"^ (iUdS" ^[^ji^jul I «o 

L-Jjb^xil ^slju Jt>b- ^^-•i -bii 4j_/^J1 ^Lcftj>Ji ^Js- j AjjliJl j SuLjLJij L-J-^ail jl yj 
ajli! ji Jii iWjJi ^_->L-j- JLjJIjj) dy 'jf jlP j-S'l y ^jL-jL 

l)1 jj^u ^ O y- & ^l5sJ CjLa^jLu^J ^ ">b*i I ^JsL-i^J j j ^zX>rJj sL*JLt5l 



sX, sjlx^L^ o^V_»Ji j b ^ t (Ondatra Zibethica) <j5 -Ui a—s tiJii» j,jt y}\ - Muskrat < 1) 

( ^_ r ^^(CO2)0^^i J^^y j^Jjj^M^gr°j- ( Photosynthesis) ^jJ^jj^^^I^Jil-L^ y <2) 
U J) jUJi li* ^ J> o^JL- (JJi (1000 000 000 000) <^JJu U ilk t(rophyil 

(CJlC i jli jLiC .(86) j-iil Ai jjj (Rn) ^jL-^i^ ■^jyJ' 1 t>J — -jj 1 ^ J*- 1 " j 1 ^ 1 i-S-sU- JLjj 

.(^ j^O.^ 
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^LljUj ^ 2jL^py6\ JL^jJi ^->L*wUi5 JjVi ^ ji>zi.\ I j\ jl_>- (tils) • 

(Kevin Tuohy) jJ ji^S" jZ-i.s*^ ^ j^di <*~^> t/^ 1 -^-^ <sy» o\ j J^y LJs 
. (1948) ftp J> If^L-ai jS\ >L\~*>yJA f Lb^l ^Sol (ju-Ulj g Jr LK ^ 

Johannes) _? ^Upr jviVi ^ L^3i v^.j ( 1865)^ ji&i)^ . 
^ jJi j^uis. Ai*>Ui! a^i j J hj^j ^JVi J Jb-i jLj (Wislicenus 
Li^. uSvJj cL$JJL£ j_ip U^jjlj^l £^ti ^c-^" 0 J*^- «i^-JL$i**il 

^l^(^^L^«li9>^^J^Vi) jlyp^U^I y ^^(1866)^^ 

^ ^ 2uL*j_j i Louis' ^ j ^j^Jl ^J,l_ j j ^jv^^jS/l tjh*^ j ij 
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$JS- <^>L«^>- ^* ^-J>^SZ~i (iA^l j dJLiO ^_^l5^) C^LLlS* (J^=*- kwJ-iii <^-'l 

| i il) ^jy^i! w\ ^ <3^_J Oi 5 ^**^ J^" ' 'l~-^>- -J 4 cj^>li Jj 

did 

Adolf Fick, (On the Measurement of the Blood Volume in the Cardiac Ventricle. > 1870. 
1870 (d&t^ljjV G_d_J» 4 j3l_j2_j»j_1 (*>■»" ijI***- ) lj*U*S(>« 

£i ^l5i Li_~ Jpj-zh .(Simple random - walk model) - (JawJi aj'r^ 1 
sjj^r _l_£JI (drunkard's Walk -j Sj — !_>■ ljJ ^ — ^ J — !i j 

c^lijjJrl ^j^- L^f J J*>^>- ^ { js' ttJL* (_Ji jLioji j ^-Jls) 

Gerard V. Middeton and Peter R. Wilcock. 
Mechanics in The Earth and Environmentel Sciences. 

jl^^s Jul ^ ^1 jlli ^LjJ [Adolf Fick (1829-1901) ^Ai j^] 
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<loV y jis' jj ^LiVt (Kassel) J-~ >\S a^ju J. jS^ l*—o^\ i J*J. 

(dl») ui .0 yu3\ ^ liL^i _/J-Tj (Marburg) ^jL* ^ ^-o^ tj? 

Ol y*j jlS'.Aij (1849) ^ J_jl jCJ .OLvJ^I p_~or OJ*}Lii*j 2L_pojoJl 

.((JL^i <-^*>Ljo.p SjJ ydl ^» ^ 2LJ j^) 
^j^?^ (1851)fU- ^JaJi ^ si jyS'^l S^L-^i- ^jIp jb- (j; x>- 
a-iU- cf ° ^ <J*3 (Astigmatism) - ^sj^ ^ JS'uJii 

jlSoVi ^v 1 ^«Jjt5l (Jj cjL^L^JIj i*** ^JU^-jl -Ol*^ VN-*-' ^JLp 4_JLiJl ^ 

(1850)^ -kjy <^J-*» yoy- (j^Vl ^^J=yr.) <uL^aLi J^Jl o^l jUVij 

V ^'b jj-l *Sli 4j Jv^j (J-»^ J*-^ ^ ; \ .t.-jl p^sE ^^—xJl 

(Fourier's) y 0 yis ^ UjiLiLii ( ^^o: v^bj ^V^LjLc.^i-^^ ji— ijj*>U 

.(Fourier's Law of Heat Conduction) ^ ji 
(^Ji J.I ^ ^Lxii JU*1 : jLi^Vi) ^ ^ (E.L.Cussler . J .c?) 



l. jvaJi ^tjia^t jji^j .jyJ^ i,SviJ ^'-^ £k-Ji Jj^ s- J - L . - ,. Fovea Centralis - J Fovea ( I ) 
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(Kinetic Theory) J*\'*t ^ Jl j ^ 

Oi .t.tiVl 0 ybllaJ JjV *»t (ili) £=3l Jiii 4 JlAsr ^ J JLiU; ^iMt Ol-^oj 
J yjas^SS \~»il>Jb Is^s^i b\ <U AjV ol£o <uV:>U» 2L>w? ^« JLSldi (dJ^) ^ $x*r1 

Concantration) jj3 « (S yiu-ii aJu>JJ) ^-iy: ^Js* 

^ (^p yai\ oj j US') ^.ukSi ^JL <j^i j ^ « i j^-i tiik j .(Gradient 

.jl ^LjjIj 3J| ^ till cj>- ( _ 5 i-C- alit-J ^Lf A^>-brJ 3Jl ^U. J ^IS 

(Linear- jsa*=Ji g- Sy: Ji J_^=_^i ^ t ^lf i^>Jbj J>w _j ...^Ji j 

J>L>- jJ j £~~J ^ jli) jlill w^bJ LgJ*>U- Jia-V JA ^jb^ (d-Li) f IS 




(D) j A^.L_ (A) j c^jJl j J^U «Uiil ^ jli) jliil ^ (V gas )^^ 
(P2)_j cUjJl Ji^t Js- SiLJj ^.jJri Jai^Jl (P,) 3 Jo-yi jLi^Vi s^jU 
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(L»U- 23) y>_j £J-H c(L«l^ 72) -5l <J^j_ ftU Slab- SL>- (di— s) ^r-i^ 

^ ^-1 £-jJjj <j:^p_t-Jl ^CJ^vUlU I »*>j_L« ; Lv* J kjait ^ fcj^-l ^ gT -ai . J>^f 5 «-«^>- 

(dJi) ^JL.J (1889)^^— .OyilpJj ' ■jz^'^r^ ij—^ !) & ^J -5 

(Wurzburg) £ y.jj}} ^*-»L>- <— J* J& ^Jls\ ^ J»l£Ji ^ilr^Vi ^ 

tJ,bjcJi j»jJl Ja-Juis ^LaJj^ l£ ^ j* ^ ->L_p- ^-i— «Ip 

(1854)^ JJij'^lS'L.lp 

<L*L*jL*i! Uif tjLlijV^ o ybUi^^vuiJ ^1 SJUsUJi itaUi! -kL^i^y-- (1855) 

c^^j! j ^oLJ! ^Ip llj (1856) ^ ^ (Medical Physics - a^Jaii 
^ t_^* </jJi^ (Medizinische Physik) 01 jJlJJlS c [^U-1 4jL^ ^ l^jup 



.(^jii) .U^ L^lij^iSijjJijijj^^J-.U- y «U^V : Molecular Weight ^j^! jjj^ (!) 

jit(TheOptic Nerve) ^/aJi ^-^^ ^i;^ i-iku^^j - The Blind Spot (2 ) 
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tiilj 0\jJ&r dJslkxj 4_JUPjl ^ j»Jlil l)L> <J^>*>Ljajti! 2L>L*Lp^ 4_L>t~~iJ 

L^bj ^1 ^ Jul Jl-^S' ^L-s- ( 1 870) f L_p ^ V J-^l (d&) —5 ^ j_w 

aJU^JI j gLJUJ) j-* jlpLa> <^JJl j j^l^^jVi jLp c^V- 1 ^ wjL-^xj di-Jij ^_JLaJl 
ls^ £ y-j^ (Cardiac Output) f jJU ^ J***-) -^^ — §Ju^T J 

Jl>J.I Ivi* Ji (di*) J-vc= y U ^ . (aJb-1 Jl\ 2JLsj!s\ 41* ^Jlii jiJlJLo t _ s — 

/ALU) 

.((Fick'sPrinciple - Jii !^.) 

C^l) ( 1930) f «y J LUi l-U 4>w!. ^ ^L-St^l ^y. cUJWl ^L_Sj 

^jUr j,> 6 ^ ^JUJi Ji (Spinal Tap Needle) m *-S^\ l Jl^^l- ^ 5 yi 



iIjLL-c- ^ 5 jj^ii S^Lll JL^j^ _rf^J! »Ll»i I (^! JL~z~ 9 - Uil 3.5) I iLie Sj-iJ ^5_a_j ( 1 ') 

(^jl 1 ,).^ *-:U.^i ji ^..^Jl jUi-l Jl jUs^l jLisS) o^V^- ^ j-JU-iJ* 5-»r%Jl 
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j J cLa-Vi jJLp) a*i=S" ^ (William Coleman - OIKS' ^{S ^) 
( Reductionist Credo ) *J I j^Vi dli *i / 1 ( 1 874) f L_p j (>lp 

:^'15SIJ-I a*J? (dU)el ; Toli/' ^bS'^L aii .^UlSCiJ 
1$ ^mS^j (SU»l) aJ* jiiai U J*js*» j ^Ur j| iUlXab Uik* dL*i V)) 

t-il t^LSLjtOt ijS' ^ j6\ j3 Ails' A,— ..MjJLjj a\JU j 

5-»i£*» sumAI (Chemicophysical -t^jj j*^ 1 ) j-*^ 1 

2L It i&il&Ll <^yJi J* zl&Vl If* U_s t/iUl JpUsJi J) a-LiT U> j jp 

a^ ol— ^» l* Vr jJja^l iLi-J jSl&- Sals' ol jl IJ^J j L_$J 

A Compendium of L> _jJ j* ^} J^il) Jl. <j >-S?i ^LJl i^&i _> 4-^U*Ji 
Handbook) - ^ d\ $ ^ j J> ^ jii (Physiology 

of Anatomy and Physiology of the Sense Organs; and Circulation 
SjLp _j (^Jii ^ 5^l«) (1929) ^ Ajliij ^ OUj'i Jbr ^ \ j (of Blood 
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Hon I lev. Dnvid J.. Jr.. "Pntymerv'l imiinalions/ Adhesi\ cs.'( iinlii'iiiS'i-.\1i usions." 
I'd/tci. film tt /■'(>// Comertei ni;it>a/ine, July I, 2001; sec plTc-oimne.com/ii'iaii/' 
p;ipcr_polyniijrsl;imin;ilions;idhcsivcsco;iliniisc\lriisitins_.i': includes a desci iplion 
ol 1 -\KviirU I .. ( 'ussier'"* talk tilled "I ick's Second Law or DidiiMon lor Dummies." 

Coleman. William. Bialoi>\- in the \ineievntl\ Cennnv (New York: Cambridge 
I 'imcrsily Press. I97X). 

fussier, bdward t... Diffusion: Mass Tninslev in fluid Sv.stcms (New York: 
C'amhridsie IhmerMlv Prt>s. 1W7). 

Middtelon. Gerard V.. and Peter R. Wilcuek. Mechanics in the f.anli ami 
fjix iromneiital Sciences {New York: Cambridge I 'Diversity I'res-.. PW4). 

RiHhseluih. K. P... "Adolf Tick."' in Dictionary of Scientific liiuwaphv. Charles 
C iillispie, cdilor-in-chiel (New York: Charles Scribner'.s Sons. 1 970). 

Sten-Knudsen. Ow, Biological Membranes (New York: Cambridge I 'diversity 
hess. 2002). 

l'inoco. Ignacio. Kenneth Saner, and lames Want. 1 ,, I'hvsical (henu'sirv 
(Inglewood ( lilts. N..!.: Prc-nlice-Uall. 197K). 

Vandam. Leroy U.. and John Fox. "Adolf Pick <IK29 1901). Physiologist: A 
Heritage tor Anesthesiology and Critical ( are Yledicme." Aneuhesinlogv, NK(2l: 
514 5 IS. February 1998. 

'** i "' jJ^S*' *' 
r fhe Mind 

Jj^l^JS'l^^LtftttfjUI^ yji\ j^wJKo^i JljJL)l*-J^ Jiuj)oL- ^bjlci^-i- 

j»-fcbUj J-*) Jl ObJixJ \S\j . . .Si j JUS AA^ A-* bj C/)fibrf U$a£*J ^JL 0brb£ V 4^* j&j 0 j&l 
.£ jkiJl 4>J b^-^c jl-b"^l jl&V^j cS-^M"^ ba— iai^— » jt j4ijj>jAJ j-*-i> 

Foreword to (It Must be BeautifuL Great Equations of Modern Science.) 



■ i>* A^j^j 

Arthur March and Ira M. Freeman, (The New world of Physics). 
( dUJLsJI «. L>J-jJtIt («lLc) U^jGS ^U"^. 



Nancy Cart wright. (How the Laws of Physics Lie) . 
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BUY'S-BALLOT WIND AND PRESSURE LAW 
1357 ^ U IJUJjA ^ 

.((THEDOPPLEREFFECT)>_>-> job? t (RUDOLF GLAUSIUS)^ jj 

(1857) jiL^ jrf 

2Lo_u ^>L>Js>U (_?Jij»-i ^ ^1 wbt^a,* J j\ (Otis) (j-j 5_ S'jCL- Q.. .wgi • 

.(Atlantic Monthly l£ ^j-JkVi) 5 *j j-^ ^ J j^ 1 ^ • 
oi L->bj (James Clark Mexwell- J_j^-^Lt *J j^S" ur - r ^) <IbJi • 

ls^ 1 ^ ja *~ iajl ^ J* u^-^ (Christoph Hendrik Diederik Buys-Ballot 

jl ^j^ti LiT i JU-iJt 5~i> j^l o ci-^ ^ « £.V.j& *! W ^^-i J5" jL—j^ 01 j -b"il 

o _^>^ t-Jj-^a.' ^ b J>\ ^ ji-o*> ol S7! ^Xjt^)^ I Jjb caJ apL~JI t-^jLlc- iw^J £^L_ j ^1 

^^j b> bl ^jjjl atfl Jai^aJl XsUj j^U- Uajl o>b ^ Uif .(^.j^M V-^j^ 

. L^j ^l^jl *Jl£is- J job ^liJ ^ j'^l gk*i olf Ui-jl ^ 
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u^Lu u y JLp u Js'J-f.JjiiJi (Coriolis Effect) ^ ^.j £ j^U j, 

^gipl ^LP^^o (<LLo a-j yi^j) «i _^-A r l iajJ- 4~~» , y<ll b y*l jl j» jJL*il ^yai .d ^l^V' ia>- 

L{ ^Jl o>li> ^ Lgjtbi iJbji (J _Jj> ^1 dUJ tiyj JL?-l^ii ^Jl ^ Lgjtk* J jVl ^Jbt- ^Jl 

^ o*.L*Jl j) jU-iJi ^ LJUJi ^ys yd! L> y_k^ <_j y i yzA^xA\ ij yU ia*JaJ! Op ^JlJJJ j 

yv« 

ojj^ AJLa>J>! ^ \jJ .VU-i obs^J L^asJJ^ (<_j yji-l c\ y^V* Ja>- J>) L_JjJl 

S-ua^^j .^-j yji Jl_j L_i jjj>r ^ y^.--^ *3U-I a JLa ^ aJLo-JJI ^Jls ^g—jyJ^I j^l 

^ ^-L ^Jl s_j a\ ^1 d ^j^y^- ^Jif' '_^j"> ^ « SJaaJ (_$f J A c-L^Ji ^-Jjl 

.^y? li^JL* iia-li ^! J jj- ApL*Ji >__)jLlP ol^-lj CjLaljJu yJrl 5 y^Jl t_j./gi 
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• mm* 4>*«i'nnn 

L^i^P-t tlgJblilj o>! j^SH -i v_jjL>tJl ^-ja JuJj*i1 ( yb — c_cb) • 

C.H.D. Buys-Balloh (On the System of Forecasting the 
Weather Pursued in Holland 1963). 

Christoph Hendrik Diederik Buys) ^ - c£b db ^ jAia ^3 

J^i ^ «Jb;JJi cL^&i ^ ^L^-i j jbJj dyi 3 Cr! ^ j^s. [Ballot (18 17-1890 

Jii 2u^J ^ (Kloetinge) .iL^ jl^ fcj-i* ^ jJj ^b g?^J y> 

v_>y>j Jill yjj 

J ( 1 845) f \p J">U- ^b- j r J*Ji ^ «i j^^ii Sil^i ( 1 844) f Ip ^ J-^- 
il>i cuJ u j (Utrecht) c~>-_Ji aa^Ut ^ k &i yVi j VI f ji^*^ 

(L.C.Palm)^ tfJ . . J ^ j .(1847) r U b$J ^U^b^ liuJ ^ 

;">b'ls JLjwL^-I ilLJb ^ ^vU^ <JjVl ( _jib — l^b) (Lui (j? f _^JLae_M £c_jjb) 

S^jLijdl it ji\ C^\jh> Ij^j^a ^Jes JJtl oibJJ J\ 4j ; ( jJb)p_£*l -Lai) 




XtSj>-^ V*-^ cr a <J^ W ^h>^ ll X ether) jJVi <^^j>- J** j V-^ 

4j j>i j__Ll Lp- jJ_«jjJ laki£) ji yp c-^ 4-jbrjj (1849) *U ^ ( Jb) jJ^> 

ijlAiJo^S jl^Jj _j SVL* f a*j iilcLiT^^JjJi ^-e^ii JJ ^ Jj J ^jJij (ijt^JsJl a-J^L: ^ 

(aj ^£-1 ci y Vl) Ji (^^--"J -Ll« 4jjU-i*i j£j _j 3a>-j ^p (J.I s-L^xJl ^ 

jl^jm =-UJb fcyU ^ 3L^jVl (jUp) J (jJL) j^p S^J (1854) JL-$-5. 

^^xJl (1855) JUlfUil . JliJl US' ^ JLJj^Ji 4j ^L^jVl 

<Jj 01 J 1° j»J c(^»b y~-w*!) La yL»j ^> j_LJJ ajJjJ j^Jl S^Ssill i-^OlS^/l ^ I ^ ./ap 
3L^5"^LJI wills' aJ?U^j _j Owi^. ( jJb) jb>l .((1867 (j? v^zju 

<l <^jji J*uJi ^lii t (2J (Walloon) p j 

(c-l^jVI) ^.ygl ,,<3T?-I SjtJ/ij A^j-i ^^j-kaiIj ^jA AJ^LaX) ( _^ >_ ilj^ij 6 Jli& Ajtj^ (_cJl!l 

Loi ^- Llil^ ^ -aU^ ij^jLlaj J y>- <JLj\ a ^Ltli J^Uj ^y> ^ « 1 yPj 3^AJl J j) ^ 

C^w? ^1 ^ jL^Sl ^ y^lj (yU) 3 y$S~ yj (1845) f U 

^ ^ t/*^- J (Doppler Effect) ^'^i ( Jj p ^ ) ^ j^stdJ 



.(^ jil) .^Ui* *^ J ^Wi^ ^ }^ J-^J j_'>J ! J^" jJlU Jliil 3-L.li J*i 

^jJi jcUl* J| v-i Calvinist Church - 5JLiIi5Jt 3-^5J)) j. ^ ^\ ^ :Tlie Waloon Church (2) 
J!s*i»y i-V ^-c^i^jijLJ^^i^tij^ij- [John Calvin ( L 509- 1564) ^ — 



— 786 — 



jiSfb Subc^VI <J,J ( _^b) jh.}*) |2l>LJI k_Jl>- O * ^^o-Jj O^;-*^ ^y> 

j ^j>o L« (^r] i*iJ O^uM tj^ijlatjl _b-l i yj> i^SSp ^3 v — <b>- ^Ifr yi _/»-Vi ^ *>}j 

A^Ljl .^Jb*- ^le-jj^i ^J^l j c *J jUaJtSl JL* (J _1p yijS-Jj^ [ (G) 

[(G) jy&\* <_c^] ^ js^'cJ 1 (^r^' 1 Cr* 

^jy^Ji i_£JLo (jf—^ '~- J 3j^>n-x] A^t*XxS'j .jj^—Jlxx^ ijry dAP 

.5i_jytil 4xiiU>« J,! bb-V <d_p>-l <_cA5lj *s 2l>wj c^Jij ^b^J) ^-li^-yi J.J 

i_j»Jl ( jy^) I— flic (<J^ j^aJlS") e jjail ^Lofljl ^ ^islaJl l—U-i ^yo ^S- Js\j^ ^ j S\ 
DeV - _^b> i_ 9 ^ JS' ^_ S .i y^Li\ t Js- LfrjbLia.7 ^LaJ IaJ^j ^ y~a!s\ ^^Js- 

jJt j J y >Il ) ^ J* (Ivica Zalud - ^ ^Ji j j (Maulik 

J>j 1 aS < JS' A-Il J«o U (hpwtsJ jjiJUaJj^- ..U Oj^j Jis 




JUJjt5l (J^*<j * iJ j'-^J ^ly>-l -la^ AjI^JuJ O Oij 4j tl^l^JLlil i>- ^ I Ls>-L^s 

^ (Comptes Rendus j x,^* J ( 1 857) ^ l* <^U5 ^JlL' _^-iJ 

ajILjjJi sJLsi ^ <j—* c**^ 5 (1863)^ ^ <*j yli ^i-L-s* of J I— * 

. (Transactions y^Sl^\ y) SU—ii j ^ ^ jjJ 

[James Henry Coffin (1806-1873) rf^^s* ^j^] O^s^ 

( JijJ) jt L^j /JLili >uU ^ . [William Ferrel ( 1 8 1 7- 1 89 1 ) J^o ^Jj] 

J y h y. j& <v> J y (Ji ^) o J j-ftii ^L^j^/l ^y> (^p^j ^ jS'l 

*J.j^r J"^>- ^ (»^* j.^"-^ 2bt^ c tj-* Jy <^ ( ^^ J .~iJ :,b .) ^! <-0 yliil LL_» 

jUiPi jL~.j ^jj^.j^dl ^S 1 ! o-L_?^di cAjV y! ia^lj) jl^LJ^jSO:, Jlill (_5-^ 
(j^J 4_JI^L*Ij c^Lj^tJi oAaJi* siLpLi^ ^iJl jLuif-Vl £ jA 
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Ui j [Rodolf Clausius ( 1 822- 1 888) ^ j ^ <_ii ^ 3J ] U*± 

^-•'L^?- j^z>*j Lgjj^JLii yJLJ ( 1857) &z&j> ^lil oLsijS^ j w'jl>rjJl Jj^i«JJ 

^ Jy^jjJL^il^ (jj—^tju^S^f) ^JjL* Sj jUtM yi *Lx5i ^fiaju C-'VJ *-* 

/f 492 _j tf/ ^ 461 ^-U L^ 1 yil yL*Ji a*, jo J\) Ob ji> a* 

AJbUib «1»L~j (J ^J^i Ojifo ( - L$^) »tj ^ • ^ (J* ^/f 1844 

JtLiJj ( ( _$ j ' J '- < ^ $j S-Aj Ji-i-^ cA^^M aj ^iij (j.-; ^jiJi c ,iSUdJ Sj5w>l jii a_J jLi'U 

L» lil & <~£j? ajiX^A jj^L^Jl -UOjiS'j (j^LiJl) JJU it ^y^w £^_Jj (i-" ^r 4 
^» UuLu Oj ^SjJj CjijUtil OjI -iJ^T O & ^Je>\ ^3 ^y> ^lij ^jIp 4jjJj>- O^i 

SLJliil ^ ^1 JL\ ^ I y^ ^JL*i L_^jI»U?-\ ^lJJ ^jIp Iajo^j If; V? .>til 

,*L £ l» ^j^-' jj-* j-^ >A5 olS* U.5J jUL* LfL« 2-0^5 ^5 y>-i 

' » ' 

: t u. ji j . . (Symon's Meteorological Magazine) h ^ 
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.«Uw.'l) (^U-x- JLJU 28 j ^JLi.} 25 j ^=rj-> 70) ^ _j <S ^r 1 ^^j^'j 
. ( 1 970) f I* J Ob^ 1 Obf^ ] ^ *s*-4-' J-^ Cf 



Burstyn. Harold. "Christoph Buys Ballot." in Dictionary of Scientific Riogni 
phv. Charles Cilhspic, cduor-in-ehiel (New York: Charles Scribner's Sons. 1 V7(l). 

"Bu>s Ballot Obituary,'' in Svmons's Mcwon >loittt til Mttgnzine. volume 25 
( London: Edward Stanford: ISW). p. 8. 

Maulik. Dev. and hica Zakid. Dopplcr L'ltrttsotmd in Obstetrics oini Cv/tccol- 
ogv (New York: Springer. 200S). 

Palm. [.. C. Albert Van Melden. and Klaas Van Berke. I'lie fliuory ot Science 
in the .W'therlttnds (Leiden. I he Netherlands: Hrill Academic Publishers. 

j(!?2ULy4» ^^^jjkJ^ts^Vat^Sbbw)^^^^ y^, ;5< jl — aiamJL&dM 
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Graham Formelo. It Must be Beautifuli Great Equations of Modern Science 

J j«j ^iJl OO^-I yijjJL^-fdLIi^^lPftUjj .*1>J^-I jisJ Ol-ijvaJj—o 

5 jvSUsJl Q Up dJLfeJJ oilkf j ^iu> O jS'j lilj -Ujl jtf^t jS'U jPOljJUljOUij^l^ 

C.S. Lewis. (Miracles) in (The Complete CJS. Lewis Signature Classics)* 2002. 
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i^^jLjl IgJ fojVt ilial a jSclJ L» j^ip tails' LgJ^lij j . . j ^1 

Ludwing Boltzmann< 1902 Encyclopeedia Britannica. 
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^juji j^y 

EOTVOS'S LAW OF CAPILLARITY 

^Ljl-jS' j t(CHARLES-AUGUSTIN COULOMB)^^ 0^-^ - J jL-i 
j c (NEWTON'S LAWS)^ i(GUSTAV KIRCHHOFF) ^> j-i / 

.(EINSTIEN'S GENERAL THEORY OF RELET1VITY) a^^j^J 
:1366 QIJ^I > 
jLs^ ^> (^LiJij LlJuU j (Dostoevsky) ^f^^^ - 

^UjjI a] SjjUJl ^.LLkjl jl^V J^l> Jls oJlS" J*l&1 ^JLJi 

*i ^J-i 4jj^Ji (Navaho ^ULJi)*JLsi^j >-T(Manuelito ^J^jU)^ - 

.^s ^Sfi (Wingate 
o-Uo j& Ecology s ^ J>Sf _j (Ernest Haeckel JSL* c — ; J) o^j - 

.SjlJI jJLp ^yjJ ^^ii j byt\}\j 4-oJjtii j^Lxil ails' <_!} 
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Y=/f(7?)-D/p^ 2 



j3 (To) J-tf J 1 (T) ^"j 1 ^ ^ J 3 • 



JjLJU c yJsL~Jl JUuil UjliP L>1£ Sjl yi-l A^r ^ (To) j-^k -^-i^l 



(Yivi -Y2V2) 2/ */U\ -t 2 )=k 



J&rjS JLlp JjLJ ( j>^Ji\ JjJl 6^ (K 2 ) _J (Ki) «i->- ^r^'j' ^ ^ 15 uJ ^Jj _j 

*il *J j^j -(v 2 )Ji (vj) ^— JI^Jl ,<-ip ^j^i 

:2LibJl ^^Jl iiiUil ^L^l ^_ L^Ljj JjL-^i (p^liS^ (fl)^^ oj _j (v) ^jJrl 
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V=|i/p 

bjl y- Sjjyjsj rc.Ui <u j^lil <L?;-l>-J i^^jUi^J ^ <aJj1 tl y^-b (iJiij Sjl^_J-l 

y>l ^iail ^y .AjJjdl ,y L-Lj *VUi 1 jj J . ^->-l->.Jt J_,.tJ| JL^I^-j 4j yjjl 4— t^^jjj 

^LaJI aJo~ j JASjj [/il <y (N/m)] ( _ 5 >Ja«Jl JJui! ^-LJ oJj-j Ul tL^j 
~Ai,*.\\ oJun Ob lJ o^JJ ^^^(J^O^iJ^w-l [((j/ni 2 ^-J^il ^UiSJj^Lb] 
^Li oJj^j ai^Jj) 0 y Jic L-*5" (J yU ^yb _j 3i5Uaj! ^IJ o^b- j 3JVw\j ) Vj ( _ s — * I— * 

jut 

4— b lJUssjI J U-i a*5iyi (Dolomites ^v-v. y jj) Jl>- ^ ^^-1 c-*«^ • 




. ^ ^J^-^ l-^i^J 

J->odl 4-«~J J^b- ( _ £ kJ j (E) (eOtVOS jVi oA^- j) <U~wl C — • 

.j&jjs-ifi^ oy. Jytfs^j (1000) J| J*«J ^ y-i 

:5j>ju Jl>ai 

Loi'and Eotvos* quoted in P. Kira'Iy 'Eotvos and STEP. 



.(1903 j 190l)^Lc J^^JL^t^^3^^3L^^j»j>Jl J>L2 ^^-'j; 

o-l. J> j jbjj [Lornd Eotvos (1919-1848) ^r-^j 1 ^] 

^ ^rW. Ji S-J^S\ a^_JbUii 4_jL»Ij0j ^r-fX-i'l ^ cLijlX^A ^ (Budapest) O— y. 
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^uiij ^Lw.i Luj (Vasarosnamenyi Baro Eotvos Lorand) (<x\j^ 

(Baron von Eotvos - ^-^j 1 0 y OjjUi) ^ (Roland - j^Xjj) 
^Vjj) ^ (Lorand Eotvos - ^j^'j 5 jj>)j Lf j^-^ s v^' 1 ^wJi 
(o)-Ji _/>- (JLp jcLii -y^y- s-^' ^^^-1^"] .(Roland Eotvos -^r-ioUji 

.[(sh)- (s)-Si J±il^ aiiJi v^>- 

. jou^ *_-jbJl o yiSi ^ A^LwJi iiwJU3l j SjbSvil 31 j j •A^-lS' ojJlj 

( 1 867 ) f Lp j-- J jujI (Heidlberg) iS j^-^u* ^ JL^Vi j J 

)p\ ^ JJM .(1870) f L_P f. ^ si jygjSS J^>- ^-J^- 

wb (*~ — Ji 4j yii^lj) > I** Lib-V U. ^j-LtfVl J* Jr°-^ <-£ ^^^1 J 

L. jlp^j alj ySjJl l< 1p-iJ^i> wU> (1871)^ ^/ y>^ii J.I ((jr*^) XOi~^) 

(ij j j ( 1 876) f ^ ^ jjj ^ c-jlijj ^ aL.lS3l jjiii^V* ^ J— 

(Konigsberg iS y.j^ ^) ^-^W ^* y _j (J^jO ^l^i ^£ } 

V> j^i v.^ 1 2^ ^ U- 5 ls^ ^ ^ ^ u * '(1886) j ( 1 876)^^ 



iiJbji ^UL ^ j ajjUx- cjLs ^eULJi ^ sJs- ^ ^y&\ Oli) _yi>-i c a_J jUf a J 1 

Henry Cavandich - Lfj-*] 3 ( John Michell -JrV 0 ^) Ji^i 
Charles- Augustin de Coulomb - ^ $ Jj 1 — *] j [1731—1810 

^L.^)^^ .[1736-1806 

j^Lp j , AJaiJi _j AJlil oIxa^xJI (j* 4 ^. J >^ ^r-^ _J W ...ll ^ a-j yjil a^ jVl ^j^^-^ 

( yA\ J. ^jJy (Andrew L. Simon -j-f.u . J jjjji ) o_JJ 

e 

.[(Gustav Kirchhoff (1824-1887) ^ / ] jjJ» 
jj jjJ ^ys] j t [{Robert Bunsen (1811-1 890) * J j 
fip Jails' iyx^i jS> [ Hermann Von Helmholfz ( 1 82 1 - 1 894) 

.uuJi Ji i^pl^ (Zala) V! j Jj^» J**^ "iWj>i*j j*i — & J j >y Jj-k* 

jjr ^ 3JLi^-l ApJjiSl 3,.^g;!t foli ^Lp L f')K^\> ^Uf- J&» t{ j y-VljS'LsVl^ 

F = ) — ^>l*i^ <^-> jl>J3 j y 15 ] ^ <—> JJL| ^ ^5 <^.'L^J- (m) « 

b:> ^ S ^ s ^*iiJjLpc-jiiS'j>-jj ^Ji (m) iJbS^i ^li^cGmlmZ/r 2 
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5] C-»l> U^-iL>Lk> <l^jLoJj L».g.tfLL ^15 Jij [ (F = ma.) — (J,L-^i ,jj ^ j j_Jl5 ] ^ 
( c ^iJ ji) jlS* c$ ejW^.j ■ ^ tey f> 10 ^ 1» 5) c^i O j-J-J* 

obf I ^ Sis' \ gLLJ ^1 5Lj»S\jL| S jl ^j^j (olji—sil l--*-^) ^ jgtf * J S_»L*3i i^^— 

^ L^JLj"^ r JS yt>\ ^Lii ( j_o ^iXiS jvPj i_jf ^ jLb> ^ J~vaJi ^T^J eT^^ 1 J 1 ! 

^jip JS" tUixil ^ JJ ^ 4Pl j^-i ^ oLJ jlS' (^wij! ^» jLs) 3^ ^j-^UJ 
sjLxpI i>-ji ,J.I Lb^ aJU- ^«Li a^L~>o (^^iJjl) 4jt^> (_^J\Ji jl^-i "^1 i5wL_?- 
<^jjJr\ c^-LLo jvJJ ^ip jIUj (j: jjl js-jc5I yt>j (A^ili-I ^- jJJ) cjU-US ^ J ^\ 
^-isj c>3l ^JlxJ a (^^jiJ jl) ^L*)Li c^aJu" Jlii! (3^^ •^j^^' 1 --* <3^^-* ^ 

^ aL^ii ^Jiji-l ^1 jJcS (The Second Derivatives - ) jU- 

i^-^i^ y -jJ 4_J y Jbj jJi i\jjJS\ <i->Ucji ^L^t-« j .jap ((Peter Kiraly) 
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jJjj (I to^f ji V| (jL. 100) ^.j 3 *5oj (Danube) <-> j-fr* 

^1 yST^' ^j*" 2L#fLlJl ^isjVl ,J~>r*^ <JLj\ AZ~»\jS (Jl AiLs>! ^JLail 4_Jt5li <L> ^>^>- 

U j t j) JU^-i ^i 1 L^J jcA J is aJ LI «js L«i .^^j^i 4^ (Jj 3 

(jJL-J o jaS- j 2Luliii jj&U JLij ( j^jT Jjii cajIsj ( J^*3 ^Jl*^ XJJLJl ^LJj 

1( » _^Ji *J*>LJi - ajw^ >^ >^ ^ ^ j (Tetra i y^O JL>- ^ a>jjJi 

( 1950) *u .u; i^i ^Uri dXl* (1886)c J & jftej*- (c—>b y ) 

o jJUj ^ ^ (L- Martin - jjjL. .J) v 1 ^ 1 

\jjic\s>- <jJJlj (SJiLlSl s-LJjJl jj-j pjjcjt*) 

j % JL c J| ^JaJj 5^ <C-^>'i^-l J^lSy j AJliU? J,S« J<w«i ;<U, ^ jiliJ I 

(W> j?- J 4^- Loip la i^>\^- A r t t &\ &ifl-)\ aJU . ..-^"j .j^JJt t_tiL- 4jj5Ujj 
jfc jit J^^ // dUSj 5cJ J'j^ 1 ;>J ^ ^ >l ^1 
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2i»j>L^il cui c5w\Ji <u~*Ij (I 99) s»^\ oUy c5~H I 

.( 1970) f U J JiiUJi Oi^l :>UY JUUil '^J~\ JJ ^ Up 

Kiraly. P.. "Fotvos and STF.P." poster presented at the Satellite Tost 
ul I Ik- Fquiv;ilence Principle Symposium. Pisa. Italy. April b 8. IW.v Pub- 
lished, without lisiurcs. in Protir/lini^'i (I SA WPP-lli). R. Rcinhard. editor 
(Noordwijk. The Netherlands: F.STF.C, July PWf»), pp. 3W-1(K>: sue www.mek. 
iil.hu/poi ta/s/int, ; taisad / tudtiin''eotvov , lHinl''stepcikk,htinl or www.krki.lui'cotvos/ 
s'lcpcikk.luml. 

Million. 1.. "'Roland Folvos." in Dictionary of Siit'ufijic Bio^rtipliy. Charles 
Ciillispie, edilor-in-chiel (New York: Charles Scribner's Sims. I ( )70). 

Simon. Andrew I... Made in Hungary: Hungarian Contributions to Universal 
Culture (Safely Harbor. Ha.: Simon Publications. IWS). 

^ . . ,5LJ-1 ^ OL^»b jjl ^ jju (f ^A ! "Si j iJjA-; V 2Lil— ^UW» J_kj ^ - 

Robert A. Heiiilein. Time Enough for Love. 

^ s? k*^J a^^-us—ji d*My\ 5- — > jiii Sj^Ji A-* j j^uJi o j*Ji iui^i ^ J (Laplace) 
i_-jL* Jijji (Kant) cjts' jU^t ^ j— JUii J ji*- $ <-(^^ J^) «j 4*m 

£jai j (jkdl ^ J-**^ j Jl 4*=^ « <d)rl -3 jar j ~ a )Jj* (j> Js^'j*) *e* jS'j 
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\ j tiasi'ii Oyii ^3 A-fc-iaJi as j (Darwin) j-» j j J* b-»i jj otf .y^^uJi o jiJi 

Ronald N. Giere 4 Science Without Laws. 



iL&M sSfO-ir* j&y>hjA>i£\ J|J-*» j=J> J*»3l Obc>lj OljV' OlAal - 

5p y^e> jL\ la"U jiai 5*\S' O j*aJl Oil .iiuiiJl ^ (k, yi,tb;)dUg«j Lo -L—fj laUl 53bT SjUtf" 

ji <U*)te ^gl ij-^M bajf Lpt Ljco Lily- jl W.ft'M dbLi & jJl» jUaJa" ( j-£*> j jj jSsj ^gls 

p£ j iiiXfiail j £• jJl j &l~Jb jUf bfllS' W j jjt jAjtf jl AjjIj Jl jIsuJ 4i* J5" 

^jJbr- "i^jb^j V&aS' Jb*£j\ j *LLi U^^^jSUsi-j i3li JU* ibgit)^ 

Ludwig Boltzmenn. (On the Developwent of Methods 
of Theoretical Physics in Recent Times). 
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^u^sii j***ai u^y 

KOHLRAUSCH'S LAWS OF CONDUCTIVITY 
:1875 j 1874 ^La J» LuUJ'l 

Jl>Jl c(OSTWALD'S DILUTION LAW) U^i^U ^ji ^ji o yis 

s—3b^ o^JISj t(ARRHENIUS'S LAW OF DISSOCIATION) 

.(OHM'S LAW OF ELECTRICITY) 
: 1874: QIJLH ^ 

d j j ^ cr Jj (Winston ChurcliilDj-A j£J o^x-J^ ^ JS* ^ L_*Ji )JL» j j_J ^ - 
Harry) y> <Sj\* ^ j 1 ^^ _^LJi j cS_jli5i J~\ J>U- LJlK^ 

.(Houdini 

i_->LJj) c~^- Si^>- y* <J^J J "^_j ^^-^ l>-^ y$z^ (—jL-xJ) <Lx»^>- p. .twjl ~~ 

^ojJJ l^jjjjt Lata^i^s ^t^_j l)! ^p^LS A^-jtij S^^o-wjj &juj\>- (J^jl c^?tis - 

s JjSf^ (Othmer Zeidler) ^ j j-^f (=r J ^ 1 ^j— ***S& - 

Paul) ^ r c?^^-Ji ^ jiu ^jf or- (1939) r ip ^ Ji fbJi 

.viUi ^>u^l ^ (Mueller 
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{ \^>y ^> a^i jjj (Friedrich Kohlrausch - J^J^ ^->,j> >) ^ 

a^-'LP j Sijlp 1 $l»->o L*f u^-y^^ ;M JL**=**I JL_LP L^jllali ^Jp J_JL>JJ 

JJl^ii J^y SaLj Jp ^ «}US! ^Li^l ^ (1 870) Jfl ^ J> ^U^,! 

Ajw $^ <J ojU^jVI ^ip <_JuL£ J Jst z ^ y> by) ij\ jo\3 jl jJK 

^UasVl ol4 o\-J iJ^ Jp Jy t^JLM wL_o-^l J-UJl ^ *Ul ojLjujpt oij 

Ji* 4 4jL>^£3l j^fcUil y wbJuJl j^laJ aJ^-°! ^xu^l U5" i(cLilS v±JL5i 

.(A) L^>-L~« L^5^p j \ §J ^ (R) U o^U 5^ ^Lll yaJi ^ $i 

^ ^li — 4 L$; U^bj [(Conductivity (k) yJi] s lj l^L 

:)J6C» t[(Resistivity (RA) a^uii] g ^aUs 

k- 1/(RA) 
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.^jw 5 ^iii ^jULo^ - L^bj A*jUJ>l i r^J iJl^j (r) Axi L&Jkl ( ^ r «^p jjfc ( K ) {Ji"*'* 



A m = K/C 



.J jls>A\ J> o_pr jll old! o AJi c£jL*Il j-^j^l (c)J^ <i~>- 
.(1875) & y>A\ ^U^Sfi oyli j (1874) ^/Ji jJL^i 15 



KOHLRAUSCH SQUARE ROOT LAW (1874); 



A m = A;„ - Kc l 



2[H T J 

i[so,]- 2 



; *JbJ! ii jsj iJLl! aIJ^ ^j^-^. ^i^vJ ^ <ji^ o^^i- a-sL* (HNO3) 

HN0 3 ^H +1 + N03 1 
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(1875) 4_S ul jjj VI U^J^lu/! jj . 2 

KOHLRAUSCH'S LAW ON THE INDEPENDENCE OF MIGRATING IONS; 

oji oJls- ^j*>j «*c^r .(^JL*- 1 4jl>cJ:- ^j) cjIjS j**^ jl ij's ( j& ojLp 



^j>r y. Jj ^ aJUi^ z^r^i jl ojU jjVi -V _j +V 

[+ V = 1 ] 0 (BaCl 2 ) ^ ^ j J&i . v 5 * tyij^ 1 o^Uii fcA>- _j 

.[-V = 2]j 

,aJL> (Jr - * >■ 4jLL>tll (Ji^**^' SuLlSjibr UJjaif JlS ^ tj^S" 

:U>lj [Ostwald's Dilution Law 



1 

Am 



A: 



+ 



A„,£' 



^L*^! OlSj .^LUl! JJ. jjiy (K a ) ^ ^JtXA\ j£ j jIjlL. (c)J-^^- 
lL* ^ ^ [ Wilhelm Ostwald ( 1 853-1932) uJi>^ _>» ^ ] jUSfi 

S jP- iJP ^glp ^'b^f^Jl J— 5jjU ^Ua*J^|JL>til oJla Jj> ^gii 
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j j c^bLaJl j ^Ip c^y—J ^-^^ J* ( C / A ™) i*J j c^pU^i ^-^^ 

^JUl j ai^l ^^-1 Jli^ (HC2H3O2) J^\>- JU-U 01 JtiSUj 

HC 2 H 3 0 2 <-^H +1 + C2H3O2" ' 
( Arrhenius's Law of Dissociation - j jjty <j> y^>J o y 15)^^ US' 

jj <j j_J j [Svante August Arrhenius (1859-1927) 
^ U S^L. JJ^ c,ClJv^ «k*l ** 5 (1887-1883) ^Ip 

ahuii akJ^. (ail J ob ydJ aLis l^*J^. ^1 j) 
a= A m / A m 

j*. j-S" ^'L^Jl ^ jL*il _jxJl A m ) j L. S^U Jl£ (a) Ji£ 

» J^' 1 ^ ^ ^ L^LiL^J iSl>- ^ ^ e L ^Jl ^ jL*il L^L^ _y ( A;-, )j 

lJjJL^ Ju U (LJL* r S') J,_j/}/l JpUxJi SLpj Jj£ Jjlp iili (3JL-.2J *S*>U3l sJLa jl J.J 

jJL^U y ) j (Wilhelm Friedrich - ^£JLj ^ ) tJ-$^) "-^^jj (Rudolph 
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^ axIjIp yi 5 jij^Ji i j«^Sfi ;(FriedrichWilhelm- 
jl j^)^? (1847)^ ^ ji-j $<^Xz£\ vl~>- <(&JlJJl *LJUJl ^jm) 
o^Ji ^^-i^ a-i ^YsU-j— > sJL*iJ,l (n ( Relaxation Function - 

:LJ?L j L^lp _j 5Jb) 
F s (t) = fexp [-a!lr)t] 

0<f< 1 

Rober E. Krebs< (Kohlrausch s Law. Scientific Laws< Principles< and Theories. 



.dl>- SiUi^V (J— ^ dJ- j\ AJ^JoJl l^il^V S^laiS") j J J-^U. f ^ 5JjI* j 1 - 1 ^ 4^5-^" ^.j^ ,J i - J jJ i ( I ) 
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FriedrichWilhelmKohlrausch-j^j^^^^LiJLijjy] j.liS'i^L.j^Liij 
Jp ^apL, J>\ siiii AiUpL ^ sljUS/i (Rinteln) o-u ^ [ 1 840- 1910 
Rudolph - j>}) £ (jJpjj ] ajJij .AJU^^fCl] aL^> A) JJl^Ii ^1 ^ L_^i 
^jA*Ji j ^„yj& j o>L_j->b [Kohlrausch 1809-1858 
^U*^i ^aSfi jJUi [Wilhelm Weber (1804-1891) ^fV*] Jii,i 

[Carl Friedrich Gauss ( 1777-1885) ^ p>iUj> ) dp] ^ ^ 

,t ^Jail ic-^uj 4 >L J- 4jL*Ij.> ^ \ .'/3)\ aS'jLs Lo^" Lo^o-'LJ c->Ltj?-^ (ju 

^ l$J ^ (Gottingen)Oi>^ ^ - -la— ^ ^ >0 ^ ^ <Jrr» W 
5-Jjj> ^ (dXijs } ^i-fLi) jjLt; US' ;( 1870-1 866) ^ a 

,2JjLos1j . -j1 . -ol .^r-^-i ^ ^_^jlS'jLiw« Laj j j^-gjL*^.'! 4jLx«lj ^ialilj (^_f3 J 1 

b'^ol oT -5Ujl ^.Ul ^Vl Li oliVi ^ jyl^l j ySf! W OlS" 
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Ajwb- J.1 4fTy ji b t(Zlirich) J^Jj ^viJL^J *Jl J^Jtfc.Sll««LS" ( j3xl5l j LgJL» 

A^.^iiax^i Ll* -t-j-bU ^as^ t J,i jii ^bJi ^ (Darmstadt) ^Uu-^jb 
JJbUi Jw» J 2JLI3 Sib j aiix (Otto Grotrian - cf-SSs* y 3 ] ) 

i j iiLJb- KZj\J\ t( y» (1874) j»b- ^LSaI**'l \*a£ tb^Jjl y>" ji Sib y ^L-JL) y^JL! 

aJI^^^JI ,Jw» y 4jj^ 4jjUi iL^Jsj J-taii — c-i^ Jb«j — ((j-i-'j ^ ^5") iijil 
( ^» Jj <-j jJij U^>- <_£''( A-m ) 1 — ^jLvis>^j ajL^J J_>- S^IjAj |*Jb*il (_i — b>ti 

ur ~J j^L;) ^ j (Cooper H . Langford) j ^sji ^-^i js_j . yL^Ji 

.iJ'b^^Ji L$lJbi ( Afti ) 4_j^bi-l ^-jiJl Cr* 3 ^j^^ } *^>^. 

t^i ^JLO Ol j vL_jV JbJl j l^J oilil dJLJJ ^ ^Jb^ji t^l i j ^LP blfc* ^U) 

i w ^a J >-J^J ^j^uJ,! b^v? ^ *Xj -b"V (V* •vc'l \ g >«; y jj\ <^jy ?-ljJ 

Lftib>o^ tLJbtJl <0 b ^j^Jj .fc5t _^3b bjj i V 4Jb- jt ^b»- ibijl i^l SJbT^I 
tL^Liviji il^il «i) S^ailllA ^j3L5j« ^« Aj> yn jA ^Ji iJjLfli 2Ubj {J jL\j7 ^-sif ^> y& 
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SuL^J Jj>- l-^r 

^:>w ^ jujl*5i ;U ^ j ^^i; ( 1 879- 1 875) ^ ( ji j^S") ^ 
( Wurzburg) ii y. jj _j a-jwbr ^ ui ^1 as olS" j 4-?^ <vdL» jS f j>. L_$1JL£- j 

UiJImII eJaiJl Jl J^L*l\J>-IJ 4? y>A^jJ<U<U>til-l ifJuiC (oj\jJu>j oiJiP jiff U»£-») J^A**ll 

. LgJ I 3 4J ^J^i Alwu* tf*A>- ^Js- J^jJ Let J 

(Strasbourg) ii^i^ ^ ^L>oS f i ^ (1 888) f U- <$yj$ y 

iJlijLLP jjiplj cV^'j^^*^ JlJl f l*Sl ^jJlil w^aJL* (1895)j»tp (^^^-^J 

Ji* _>* Jj-Jjtii iii-i'j <UaP 3i3j 0 jJr ^laJLi (cuL^LlJl dlU) (J_>o 

/''^Ujl ^Ull jLpr Js- J^p US' aJL^I 
t L*J0l Jjb- J SjJuU j 3 y»tJi *J1 <UUtSf ^Uil Ll* ^bjl .lJJ 

jlJI ^*jl) ^iUJl o3L_>i^l djJi ^gip Jlto j t^L^^^^Jij *JL< ^ ^ 

*bjL4 _j ^Ucjj ^ l^>Lb^i j ^ jf _^ jS") ^ — Jul ^ (Ostwald- 

Li-! 

.(Ostwald's Dilution Law) 



'j^i-w L.*ijULi a^c_j t _jJsJij J^jJ-i jtji ^fjj^i--. ji^r Reflectivity Meter - i^uil^uii ji^r (I) 
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U-lij ktJalj Uy& L_«L*.jj OUi^ Uj'u jlfT JjJi c^-Ji p-*^. j <4 <-i-j 
*^ ^ C 1 90 1 ) f L_p ^ 1^1 jj—ilS" ^J.- ( or _i_j ^15" iUj^ >) 

J (Iwan Rhys Moms - ^jy^j oi^i) ai*ij (Marburg) ^^.j^ 

■V* 1 lt" jb"^* £ j* 1 J^*" ^s^ ( 4 J^* 31 *^ ^j^> \i fis— »\ U lil)) 
<U*_- ~J £— li A-JUJl oliJasJl j OUi^l ^ail j (Jbj j) JLoIi t (c- jJ^I 

4_Jb j^Jl j *S /-\ ^li O Vl"Ji» j^LS' ^Vl"^ -OJUJl ^1 jtoMj-> 4o*>V«J! 



^"-j^ tiiAS'jUii OjjU. J*uj a*-^ j j-c-u; j^lx ji^^^j -Cataiyats ^J-tL-i 1 J— (1) 
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Ronald N Giere. Science Without Laws. 1999 

J-o^-' bt» J\3 ebjgdll j OUi?b ^Jl 0 jbiJ 4jLu &owL U j& j 4bU 4— ,JLr b Jb>- U> iM - 

tfbrb-j* jji^Hjp^ ^j0L^i4^J^^J<^0b/-dUVj L^t- fVyoL^bjJl L 

O-krjl Ail .(^i 4*-laiJ5jlJLr jtf-l 5*^)^9 5 UbJ^bj-ill^ o*br Uj^Js^^yJlfr iJLft 

. \^ut(£\ j->Jfcl Ja^&a ■■"'■^ i j JLmj 0 | Q V*J* Oj^b j~flll ..jj 

Carl Poppen The Logic of Scientific Discovery 



. »j~ ( 1 700 ) j^J.* Jj ( 25 0 ) f ip ^ s~. jJi Jj^Ji ) J_ai ^ o> U5H Jl^ ^lit J_^- jJ.i ^ i j - Snell's Law ( I ) 
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<5 J** 

CURIE'S MAGNATISM LAW 
*1907 jiU (MfiJ 1895 (*U Ui> £^ 

:1895 jiU &U?I > 

.-^yjJi sJT— 5 j^xJi <u^3 (H. G. Wells) jJjj -^xJI - 
^b^xJi ^"^jii (Guglielmo Marconi - j, j-S* j-JJsv^) ^ - 

^yi u (Wilhelm Rontgen - j^m; jj _>) jUSfi - 

(King Camp Gillette - oJU ^^^Vl Jl^Vi J^-j - 

juS^i Jkij (Babe Ruth - ^ jj v-* ) ^ ^ v^V <y> J 5 " " 

. (Jack Dempsey - ^W) VI 
(W.E.B.DuBoia - .gi .jJL^) J^Vi Jjf Ju - 

s y ^ A) (George Fitzgerald - ^Ji £ j_^r) </aJ ^Sfl ,A>^i - 
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^ JL5 (Pierre Curie - <Sjy£ jm) y& Vk>^ *L««53i ^IIp ^JlJ^I 



Af = C ■ 



JaLJ.1 ^^^JsLiit jlJLi* (BeXt) J t» 5jU v^JsUw J-^i>- (M) c [^.c— 

y>(C) jo^^ ^^"j^ (T)j (n (Tesla- %~xJi)S.Jb-^ LAJU \ $ : U 

(<_£j & y^) juszi^i^ . L^jiii 2L*xii ojlii li^LL^ Laj-^ aUS:^ (<_£j js^") c~>^ 

: Usui J,bJl |£LiJi jS & t_^5\j Jij , Igj^l y Sib UjiLai j 



C 
T' 



oil* tj\ SjU^i j\ j_1o ^j^.takjt*!! *jL_1i ^Jj15 ^j-^j (X = M / Bext) ^ ~~ 

cL^Ip JaLJj ^g^^JsLiii J-A^l t_s ji yjUj^UaXSV^J S^Jalll C^LL^jl 4JjLi> jLjU 



L. .Uij/^[NikolaTesla(07.Jan . 1943- 10. July. 1856) y — "^j-^] ^.j^H^J^ W^^*) 

jKiijiv JjU US' .^^li^ ^Ujjb j (Remote Control -^^5^^-^*)^ (Robotics - ^u^j^iijf^U 
jj^S^Jt sjiSL.^ ^..u jj...aji^>fr otf .(Ballistics) <jJ-H^lju ^iiJi ^iaJij 5j_j^ tLj^i 
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(IgJ L^zJaS aL'IjT _jf ^c^-^l Su^JsLiil j»L^>-VI y&j t/') cpL^I 

pijwxD i-$j!ji> ^ ^g^- L^lp ^—sr jU>-S ^g^JisUiil J^*-^ lAA j ^Lij ji U^^SvJj c^_* ^i*^ 

e? JJi _j (Magnetic Moment - J^Uiii ^i) ^1 ^J?bili ^ 

u 

ilJJj cjlji <_jlik^ij iw^J ^^ip JU><1! LL_* J^atw^i t^^jU- LS ^jsUi>> JL_4 
oj>Lj^j j jSLwJi JUni! Lu> ^ 3jl ^1 J L»S_j .^-^jj UJi^Lx LJaS wiJ-Ui il 

j^*^ 4j^L&L#7-^ o:>Ui^>l sijlji ^1 LjcJs I^asJj Lf c^\jjS) o Jl» <_> JL iJ ^^vj 

(Bext) ^ ^ 3 >^ J* j^* Lijb ^ ^* £=^= J 

ijioi. £L; VL* Ji ^bjj aiijJ oi (M) j-li dJiiJa^T*l c ^o: l_^1p 

J-j»*^~j L5 ^>- c c _ 5 -la-aii ^UkwtfVl 4>L^ UgJlji ^» (%100) v^-^'j ('^^O^ 
l3 _oi L» J.1 1 — " Jou ^1 ^il .iJLlj S—j^^JsU*.* ^ c (_c— «^^-**^ L-^-* o\£ 

^ 3l ^^Lp ^1 3i_>- ^ j - l^J iv»Ul-l ^ o jl y>- X_^>- ji) 
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(1043) £V ^1 JoJ^dS(j$j tJs lj\ j>-'Asrr J^^j^cJ^^-' Cf^- -/^"^ ^ 

(|jb»-ij Ujj^iJ jf (^ci) Cu + J^-^ L5 1> (jJUi j ^ bails' *j^ij_JLi!i 

^yj; (Mg+2) ] Ji* *->j-^"^ o-ijJJ a.„...JL 
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CURIE - WEISS LAW ^ 

1 ~ T-T c 

5LjLL« 4_Jjt y- ^ (T) J 1 • ^^UU j, ; *T C-J^ J* (C) r>- 

.iUiS' (^iS - ) <Lalkll o-U- jJl3L iSjyf y> (Tc) j ^15* S ; i ^ ^L^-jJo 
2LiUsi Uil Lift JiCj . (T = Tc) <J jUJ -Up XJIJUl ik^dl Sib- *>-_j ia?->Ul j 

^AiJl A^jtli <jf j) .~j ^^J^Uiib ^ hj\ 5j>- jwlil ft ^su'loa^- ( _ya*J 

ilS^j jJLiJ^ ^yu'L^i- ^f-^jj ^ J_*^*j OtJss S^J Jic ^1 j) 4>- jjjl oJ^i i S_JlJl 

"L^r y> i*-J Ojii (1) y>J j . ;L_j~-Ji»ljJ.! <UJj .>! jil 4_5b>- ^ (Tc = 0) S yj-^ 5 <_£_jl —J 

*JL* oi U-S" tLJlj ^-JsLiil UjJIj S ^5 ( _ s _ip JaJj 2L~Js>Liil .>! jll ^ (Tc>0) a ^ 

.(Tc<0)^i- 

(T<Tc) Ijj iwf uLi djjy^ ojj?- '^r j->) J^i l^Jji ^ o j5j Uj^ L_§5llic 

'Ujj i—9 jvSJX^i (T>Tc) ^->rjjS\ diij L> y LfJjl ^ O-JtiJj^ lil \ «i 

Ji^ Lj^J L^P- J r-'>; ^ ^* Sjl yl-! e^jS^j dLixJ Sails ) — J^L*^ 

*iSf ^ jSy jj-^ Sjly- j_n) L^jI ^ j 3 \^£ j\\ ^As. (jj— - 

31^1 ^Jikii ^5^^ <j^i^' t^*^ 1 ^r— ^ ! -^J 1 y^ 1 ^ 
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LlL^j JJij (Weiss Molecular Field - j^-JpLaII ^.j^-i J£>-) t-S — — j 
.[Pierre Weiss (1865-1940)^0 ^ ^ ^ JVj^ (iL^i^U 

u SMI (Magnetic Susceptibility - ^~is»L>i! aJLiiil^U ot£_^fi 

i>-ji ""^^ LoLuu ^jVlj^ii aJub bj . <L>j jp....^ 5 ^^JpLjw S^.Uj^ L^jj 1 g 0 



J ^>ti> £}\ S^lii-I cj: j j—jf a ^^JsLJcj fl^lili 2 ^ y* 

to:>Jj£ aJU&! 2-^>-j3 LgjjJy- k>- O— U lil <J^>«^-jJlj X—j^^LJt-. -*_ r i' o^l - (J] 

ji) .b- jjs- J^i^Jl, i^kj^ u^Aii; j\ Jl ^ J! 

jj y~~°> L~JsLJw ^L<£ dlL* ^3^U^ L» iilj y>- L^Jslliw ^Ls^ JL^ tdJi— 

<^j!jjj} <jl5v^l> ^ j j-vOlJ i ^^r^ ^* J^**^^ -*s* V^! 7^ ^J^" Oy 9 " 

JlLjuf ^ L^jI L^-JsLlJw "^L* LfJ j! (^^AsbJsl.\ 3 4jL<f 5i5\j a__p 
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cv"lA^o (J^*-^ b jz—r* Ll*-4 ^jjjJ 1 o^-j (x) -5 S_JIp Lo-jj t, - ^j^J (1)1 

p-k^s OL^ ^ ^Ji j (Domains - •> j J_J-i) L^JL^b 
^ ^L^J^tJtii (Domains - ■> jwLJ-^^LJ j .LgJi JJr Zj&-\ oL-^b 

jl>ti! LLJ...* L> lij j^i j . jU-lii j» i\y>r\ **Ju. J) J-jflJ (U I oji-S") L»b«-1 s\ y\} 

^jj^Jl LeoAP ^ (3 ^2*--* LjLJi) ^J-^" -iaJLw^ il ^ysrjbM ^~wWL*ii ^ 

O jJ> LgJj' ^-j>^-! O'fe g"^^ lilif i^j Jail*- ilJlP ^^J?'wJc» L5 >-jlii-.S J-ft^-! 

s->lil JLLil di3-ij_J Lf^J^ LftJLjJ^ L-^L-tJS L^JijJ^J Jlkji ^1 Jl^JjjLJcU L» j^>\ y\ LS r-^ s ' 
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:(10)^JjJ^I 






T C (°K) 




1043 




633 




803 


(UfL. JSO %50) j 


293 




22 




^ & ^ j 



2L*uL<aji ^JU- (11) pij JjJl^*! £s«rlj) jV*^ ^yv-JsUidl UilJUl^l JU-fc oJLp 
- ^*l£xJl J$S) JjJJAj *y.,J»U«ll Wil j .*oLs*V) 2-J yJi 

(JUj) ^jlJ-Ij a$~*sJi aj^^UUii) u^aii ^Jaj ,j>v>- ^ cL. oLS' ^ii ^ (Ferric — 
^ j£~Jl j cJ* j aijj-l Jt. Si jjuj» ^IjJU ^ (Ferrous -Sjj jJwJ-I - yi\&3t 

^ys j^ajdl 7&$ji\ joOj SLu w J g Uall l^JLblS ^ iJlJL^s- <_iii>«^i («jj5Ui1 jit 
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J ^-y Jy^ 1 J^J^jh^cs W ^ ^ (J^ 5 J* 
aUp *uJ Lfelp (Roger Kornberg - ^ ^ jj) J (2006) f U a^a • 

.c—obJil ^ (Jj.y .b>J)).b (1901)^ J tg — s— t Ju- £. SjJULl JLp 
( 1884 ) fLc^jU 4o» ^1 ^j^SjjuLi t^LuijI IQLuj ^ 

al&J ^1 ^ t *.L^l L»a U *U-i olJUx |t=<>.sHj v^'j f >^ kjljAil j ^UUl U Jb^ - 
quoted in Marie Curie's (Pierre Curie). 

ji&kj <U i. . V>ti kJi-ti'^ APl&jl jlAloj t)L%J^|l ^^P^jj^l Jjt wJl^j^ U - 
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Pierre Weiss - 0 ^ j> [Pierre Curie (1859-1906) ^ J3 S ^] 

~ <S jyf <Jy\5) 3 (<S tiyXs) U~i?j jL^wJ js jLJlj-i c[1865-1940 
~&%&\ ,Js- ( 1895) f (tJjj-S') Jit JLlU .JL-Jsbi* <kJh J)t Jl ^v^wJ^'uitll 

^ *^ oc.Ui 4 i5%Ji oJLfc a« ^op ^ (1907) ^ <J ^ (^.j ^.) 

^ U^l^l L^JU w^Ua U ^li^-^l^dliJLUJl 01 ^/iX; <U*=r j (iJjjS d y\s) 

Jju jI j^Ji s^jwbi ( cr -j_j — iSj yf ^ y^) w'LLJaj jl La ajLi]yi ^y. JjVj , sLSiSl i^JJj 

LL» j j-f^ OlS* JJj) .<J JLl^* L^ijt>-j tLjj^l s =~l ^_->V ^j-jjL; ^ (l>j y? jitl ) ^—^3 

^..^1 ^jIp jJl ^^^ijtii J.j o^Lijj ^ Ji ^ <J<Ai_j p-l*u ^ J_Jl ji\ 

LjjbS' ^ 5^Ji jjl 4) \ g jj. -.^ ^1 ^ 4jLJ>J ^jLjS- i^T^>' (j-^ (<^jL*) _jj 

Jyj(1923)^Lp j^il (^j j-T jw) 

iLiV' ^t^^ 4^*^-1 ^ j j J'jUaiVl* A,yil....-ll A^- jj C-i-<ajl t,^"^!' ^JULfisJl 
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The Electromechanical - a_^£jl£L* j^^i a^uLi) ( 1 880) f l_p ^ ^ — ^ 
c-si^c- L» b| jl^->- jiJy ^jIp c->)j jLJI ( jiiu sJjUj Ji*i ^jJij (Property 

l^xii-i o ybUaJb) dAJ jS" (1) (Piezoelectricity -jl~jj£J\ 

/3 tjJ (A^ji5L,j^Ji i oi oUi ^(1881)^^ li^v oiy-S/i ^ jljJj 

\^ {_£ f*^* ^ ¥ ij *JL©jJi O'UjJaJi ^ JjJuJU <l*^_* sJlpIS jL* <bi VI j^-iJl dlii 4_JL> j, Pj 

j-iSl) jjS'l^-l jL^>- f 'j^j f j^--?^ l—'L-ii OjLu* c-sj ^ <L$Ljl£\ ;J «j y^Jl 

^,LJLi .4,„.^ : ?wjJl ^ji y^S^ V j-^aJ^ «J ^b^yLl ly^>-\j (L^U-b OjJ>til jUil 5_L)tji 

, <^ljIj ^JJl ^ULj ^Ji» ^JLt- L^JL»t> (_< n?u 2L]li5 izAjtjp? ^ ■ ^ ■ -»~; ^Jt ^ ^ aJL y^^l « 
L pUi!i ) 5 jr _»UaJ ^l^o c^JlS* (tijj-/ ^^J) LL_iJlj 5 ^ ^J^iLl jL-^S'! 
JjUJi sivf i^J JjLj Alkali aJU* (1884) fi* Ail* APbaU (Symmetry 
. ( 1885 ) Jl^l fUJi ^j! j&l JUj:.I^J L* OU^ jJl j ^ jJLJl j hj ^\ j pjldl j 
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<L» : ,l?il ^ i^i?Ldkl £-isL*Jl ^\s>-[j \ $~jh\j2 ^ <u~Ai X^>A^ I y^Uiil oJ^j <~i 
jl^iij Ll^* tjJL ^Lf- OlS" <GJ aJ j5 ((_CjL«) <^jj 4jlp olli ojl^il ^ 5 Ls^ <Jj 

aJU! j j> cJjLJ jjr jJl <u>- j^ti ^ ( 1 895 ) f f ^JL*JS ^ »1 j ^S^li! bL_^i- {iSjyS j^d 3^-> 
^■Lft] (fjj^ - *-^J j> -<w,J' J <J jL^j (/h) *i j-*-^ 1 ^- , «-^~ :< r .5— *NJI^a-*j j^SvJl 

;i_Jjii *iJL-J ^glf- «L>- 1*5" o ytiLSiJi oJL^j a*Jj ^ A J i^l5' 2^^J?UixJJ y ^tjJ (-^IaaI 

. sjuJi ;uiJi ji ^oj-i (aXr liijfi j) ja; jt ji yt- d&yi ois' i i i u-i j 

i\ jll j,a^-l JbJUll ( _yajl Ola Ll» CJ*u j ^ij .^^ JLa} 

Mi jll ^l^wl j>S la OjU? dUJLi j iiU-JsUil jrf j i--^ 1 ^ 1 ^ if 1 * J?. CJ j-i? 
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A^UrJ (jljS ^ IJb>- ^Jlp Sji _->b>-jjj 4^ yt^ <ujj it 2i_JjJt 4JLwLj ^ip 

^ JjSfj Ufclilil J^- ((_C jlo) 4£>- Jjj ( i%A fri ( 1 894) 

O ^»jjr-Jl » i t^jyjt-o*)* |_^_ru _J^-£- Cx?—*' -'^ <-t^a-i <LJ ^J^> (_r*^J^ 

j£j ^ lils - - *li jll ^ ^-Si ^ ^Jb^l frli jJl O^c- ULli £_i ^)) 

Ijw,! J>L j 'j*J\ jt J Uii (wJ-l ^ a l/l V) ) jl ( 14b— ») Ujb yj-l j 

j^VI fojit OldL> -bjl lili . . .«jju» Lei j lij*dJi^J- 01 4SjlOI J j .<iM" 
jtujU jij j^— * <5* J***-- » ^4Jt - ^1 ^ - f^^ 1 ft* cj-o^r ^ 

«l>-!jjJ s jjii.^l Sjjl ^1) S^t^j^^aJt (<J.>IjlLI) j> _j^rj j j ^jjt ^^SuoZi ^ t ^-*-*Jt jjfj >*^i5lj 

. ( 1 89 5) ^ ^ Lpr j — &—y y~>-$ J ^-ij 5 S— L>^Jl d ^LiJl oLjkll — AjJL.! ^Jl 

cJSLi ^Ji - E = mc2) 4_.br ^ (Pete Moore - Jr c^>) jLti jl_J 
l^V^- Jusj ^ (The Great Ideas That Shaped Our World: E =mc2 - jiuJi 
Sm^j (1 g j> : ".j) L^_>- j j (_^>tj (^jL* "U^S* L> j ysj ^ju JJ> ij^*- 1 ^ Cv. ^ ^.j (_$^ jJtj iw 
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Antoine Henri Becquerel - Jjj \Sj— * Jjp 1 ] ^^ja^* ^j-^ 
v^i^j^^Ol^^^Liic^ii^yS ^^(1896)^ ^[1852-1908 

JJL$ t(4jjJJl AjpU^VI s y&Giii) ^1 f.l ( _ s if- U5C*i (i_£jL d^-^j ^ ^S' jy-j) 

^1 j./jts! ^-1 j_Ji (.y^' ji^^ 3uvsL>- ^ j^' <ji^LS\> ^.L_>-S/ (jjdj j^h) -L-^t j 

liAlJ ^Ip A£jLw> jLil j> j—?r j Jip-V JlilU ^ax5l SLL-P ^9 « jJai! a1*ju 1 I A£jLi~» oj j— <gj 

(^jLij j^S) .c ^waiL; yL5 V i2uii>» iili^ cJlS'Ojj Lajv^Jij Jaj ^- 1 jiS/l 

i^>l jjjl <ji;LpL* ^- jL>- iJjali ^^vs j , (7 'j-l ^y^jjJoJ^^ft aL ^L? oLpL^j ^JLiJi La^i>o J*}L>- 

US U^Li ^Jj OlS' _* ? J jfcJ-l jUj -s^L* JL^i (jCwlii iJli La^ I OLSl . f L-*k 
, jj - „ _ , 

Ca^j C-oLSsi Lk-^jjl^- j^* LlpL^il luL-Jl a j>^>^ I *l . . ^iail C->L>-J 4Jj ^> 

j 

jjJbJj-r jv3J& <_JLx^fi l_-*^j*>Ub (1 898)^ J^-s^li i—jlJail i >f^r* ^ 

j 

^.t (88 j 84) >i ">^i j->m 3^}A ] j^ 1 ^ J j-J^r Ji 

iJ^L*")*^- [ Js- iai3 y I J J Lai I ^>JJ_J ^^j— U^il JL^ji-lj obJLjJl _^JJ OlS" j 

3 yblkJi aJUb ^jLp Ujj t UU...t:5'i ^Ji ^L*Jl) a^jU- o ybUaS" (^-UjiVl Js>LisJl)jj l Js- 

JuJ ,4-L-.—->- ^jIj Wtf.^l (^^j)^ ^ J~> J> <J>\^ J (^-^' ^uil«Ji ^juj) ^^-jjI^JL) JjVl 

^JU ^ J ji LiLS* L*5* tSjt>iil ^1 ^_-<JJ aj jJJl oLpljdJ a^ L*>- J j a^I aj>«J , V1 LS -ip 

^Lu^l aj">L>' j A^i^ Laj j viiiJj j g?j Aii J-kx^ A^-LJi ^it <J>\ j>J\ j ^ ^jLf- JaJliii 
. aJ^L*^ AiJLtJi j a^jJ! aJL.- AJLtft j Aj>- ^» UiJo-l aa^JJ ^1 ^il ^ AixJ^t ^1 ^li ^ 

^UJi m^S\ (1900 ^ 1899)^1^^. L. (c5> j ^.)^J 
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cbr t(1903)^ A. u^li (Jj.y a-fli- J! (Becauerel 

^ (l) (Davy - jJLl. J> Jy^JS ttijS jj>\ .b^i ^>U^V1 yj 

CjU J eL iis^j ,» jl*Jl A*XiLS'l OjXjS iL*J*Jl oL> jj jJi ^y* Jb Jbfcll ^ JckjjJI Jls£Tj> j£-j 

> 

41jwL^5 5j_y^ C-oL>- y 1 ^kJi Ajb-o A^UaJji Ox; <uJj (1906) f Le- ( J^S 
jwUj '-^ j-^^ ^ j—j^> djSiXjy i, a j^aJJ «-*!>lJ 5jLJ ^ o^i£ L$>.^.;« 4^ j_^>- <-«j 
<3lijJ) fciiJi Jb» ^<Jaj>Ji.l -C*j^a>- f Lkpj aS^oII ol />V>- C~J»rjL*j iLgj jJJiJl 5* >o 'J\ 

,\ Hi iwJj C^^a' 0J>L_*a-JJj 4jLj>- ^dj^*" A^Lx^!^ j^ilii' ^g-^-JjLJl 

<u>- U5"oL« ai Ol^J ^kJl oJigj oU j& 1 J>j^ jii t(jioi) J l^b£_uiJi OlS' oJiJ 
J*>U- aJUU^Sj (f ^U) (JpLiJi ^ ycJl ^ ^Uii ^jJl Ja> y.ol OOP JUj 

di>tj 0 ^*-^-! (ji^l) (3 _ji (3^* <3Jk-v2J V viXL*ij tiSjLsiil JiLg^-lj A^jLl^j C^>tJ^ ol ^Ljj 

Aplji Lr aj jjl dJ^li ^gJ) Sj^j^aJI aj a-jj y& All JLi^ i.AiJ^S'l jJl Ajbai^ 
L^jJj ^ iL^Ip AjjiJl iJj/J-l j>f^j ^^i^b Jfc ^*5U JJUIl ^UJj^U J I jJs 

. |L^i AjLiL>-i ^ yJi j^^r iS^j c.c-'U- ^ijj ^"Vi ^ L^ii L« ^jxj J-*-^I 1 c~>-L>-l 



Cf&tf ^s*^ j^! ^• A »- < i') ^ (/ t/i* M'-^l -Hie Davy Medal (I ) 

i-Ji-u,^ ^Jb-j [Hemphty Davy ( 1 778- 1 829) ^ ^J*± jwJt] JJJ-i (luJ! r »i ^ l^i ^JtO .(.u^Ji^ 
(j^j pl^o^jj^J&G 877) * i*. ^ i j* ^'- L ^ 1 »-i*o-«i< A^jJi J-i jLi 1000) JjjL. i^L»r 
sifi^^^jl .(Spectrum Analysis) J,UJi Ji?-^ i^uu^^ U^'^i^duJijC^j^ J } 

Jjjil* .(HuglieS - _^ )J>)iJlJLC.oL. Llj^ijijAl ijuJ-l) '— *>^f iti*- 1 ^' C-i^-likliJjj^j^ ^1 ^ 1 J ii i-JljJ.1 

lames Fraser ( 1 942 f >i) ^ p ^ jj> j*^-^.] ijj&i&Jy iuU utf u^w;^ ( 1 3 1 ) jJ- j Uj^ ^ 

jdi) .(i-ijjJri a-£Ji jL4 ^ a?u»Ul) JJij [Stoddart 
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5j ^j'uS' aiiy (Barbara Goldswith - d-wjJ ^ I jbjb) *ji£JI 

Ernest - ->j yjij c—Jji ) ^^j^ o^L*^ J-Sl* t**jjj ^_Li ^» ^ 
:aL'IS ^LkjJi U-ajJ^j ^Ho-\ j .j^j^JJ (Rutherford 

OUjiJ Lo ^ a jijji <s? J«H ) ' — )\ i^j jX I* j — ^ij*- 

JLplsruJl ii^ i\J>\ US' dJL^il (t5 A* j jiil ^ I JUoj^j ) t_> jjl *U>1 . LJti I AlsM 

a*j (^w) jj^jJi Lvl*^ (1908) f ^ <y f ji*iJ v-iy^ 1 »^>-i L*^ t «Lu ^ Ui J**Ji 

(^jj^I ^)<_£ / * : *! LfsLi^Lj iLc^Jl ^Js-^jJu Lsoj^Jr l^_>Jij) (191 DfLc- ^ 

.^iUJ! ^ jJ^i (Jj^ ojSU-) ^ c [~2>cj (j^e-i JjlS'^JliLl c ^>^.- J* i^J[ ((j Jl*) c — iiJ 
^> ^la ^" j-ojs (J^— ^ k — ' j-^ jri ^ * L5L«Ji s J to a ji*2£>tli ^"JJl ^J-jJj 

] >li jb^iJi^ l^r jjj[Irene (1956-1897)^ y \ ] (j^rf j 
(1935) r U .L^U J< y SJW [Jean Frederic Joliot (1900-1958) ^ 

^b^ib ^Sfi^j Ji^^^o^^^^jJ^j -(ti j^r !jL, )^>^ (1938) r u j 



.(^ji^) .^J^i^- The joyful Toasts (1) 



U^J^pxj Ji :>L^lj SjlpLJJ fiwLxllj ^•Q.ij epli1 0L« ^ jy&i b'U O^^" I— ^bca 

^ S-\ 0L_> JSUJl Jill L^Ip Jj^aj .Lij tS^jlill iL'UJl oJlfc cJLp L*5" .b-i 0L_jo i 

^>wiJij J lil j JL& j^Tl j u^iiJi ^ jolijl t ^ r *iJ! ^ O^.aj jmII ^ <d*Jj ( j L_jJ-l 

^L; £^*J J i3Lt^S"i aL>-jj ^LiSO) !j> ^ L^asIjj 1 J*P ^ <cJ Jb SJL'ljJl e^L_A 

- <j^h) »^L~« cJU-Uili t ^4 (i U5" (^UiVI isUJl Sybil?) ^ ^ Ull 

Ji *>. yi jJLU ^1*^1 jiiT^i (Blanche Wittman 

> 

l^jvU-L-^^ iiSj^*) c~«i>bJ -iiJ .Ljj^-bijJ^ Lj>-j_j !Jb-lj K^^w Ulji VIL^l* <j; y jl^Lj'V 
.(19 13) f U <b>- jy» ^\ -be ^ l^Jbrl Lftlilj ^ 1$jco Lg^X-Jj <_ii?UJi -Uii 

o ^ (Per Olov Enqvist - * j&i «jy y ^ ) ^Ji oJi yi y ^yi j J_jJj 
jU^b yJi jU^Ji oIjU ^j^t l* ^ ( u sJ%.j iSj^ 1 01 y^. (2006) ^ 

. (j^ixJl ^-Li^jU ^ o jLaii LfL- 2Llc- aU-^ oL (Luan Gaines _ 
: J y>i (Wittmen - jSj) oU U (Luan Gaines - yS o\ J) i^S* 

4jlia__iJl3jU,!dUJ i y.C>UI y^lOLu^lw LS JU k jMiS'U. ^1^1 ^^l^J Ojll 

mis' j) c ^ij aXLjIi u^i ou^yi j Ujii jt* i*LJl 5 ^u^l Oli ^"lill 

^guJi ((J;^)^!^-* ji j C~w*3 j Q/^^) jL*r J^^^ jjJLll i ywJl 

iJjjj ^ ^jj! i jw 3 ^ jsl! QtVi, Ml la* !!A-^Vi» *»^j - OLjerl jj Ua> j (j^- V») 
4 ^>l jifl^ jia Ju^r- j ^1^ £ — o j ^4 VI (J^*k.) QjJr\ aLJtI 31 jil 
s jwjlAjl^Sl(a jJai Ji jlj^Lj)is**iOI V'CjI^I^^uJI Ujo^L^I^^ V|^Jl 
Lj-i O j j j l£»YL j L% ^ LjJJLc-p j Ljp j^>i J-i V^»JU Igj ^Vi i jJL^- iw>Jj: LjjL>- 
^ j_j «r^L; |! ^JJl OrfOjUl O ji-UaJl ^* Jj ^d^l.! ^^1 IJU^* Ljpljy* 
t^Ji3l 0 jil LjpjJ jft j "M'jJ ^ jv»l^ j 4*<» (^JJl jJiJl diii 4<u*» O jll 
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.((tS j^'Jf «J^I jll (»^iaijij IftJU-Jr blSj* JxUy jftj 4; O ^AsP 

U^Jl JLJ ^JJi ^Tjjil oj^IIj <jy? olS'^JJi ^k^-l oV' ^iJJlSUb j 

S^U-J aJ^- OS c-Up tSl c L_*li <up ol^iili- t*Jb_j ( J-Ur a-*L~ • JS'j ^ j-^ 1 ^_ p) 

iaJLil jlf^l a_J| \y aJLlJIj aJLUll (jjJL*^! jj—aUJi ^ Ji V L. cJj£~*\ J_i 

. ui^Ui j JJ ^ S^U^V! 1$Jp lg~^ ( 1995) r U Jl^ 

(Mulhouse) ^ _ji$JU ^ (1865) f Up (Pierre Weiss - js-j) j-Jj 

kpt-liil c\a^-^\ 3 yhliiS' a5%«J| yol ^ Jo>uil 

o^jw) ^ a^^J! ^ 3 jU-VI i^j^Js- }L*U- -uL^ ^Ip J j Vi ( 1 887 ) f Ip (^-jj ) 

U5j , JLgjtl! oli ^ tLijjjiJl oi ^^Jl tiLJ ( 1902) f Up ^ ^ ^l^Uj^xxJ ^Jl 

4^4 jtSl aJjc>- j i—j^^isLx^iJ (l> j _j^") 0 j— >IS ^ v*- (^r^j) ^ 0 (j : ,w 

ijbL» J^>- (1907)^^ ^>f-^' «jj^2J ^si» J ^(J—jAjJl 4 i «^J?bxll ^ ^i?^. 4_S"lj^] 

Magnetic - a^-JsLUi ^ $xJ-\) U^V toij_i* 

^ik^ij ^<Ji ' 0 ybUiji ^Ju^i J) ( 191 8) M J diiJ^J^y U5" . (Domains 

oil cL^^j a^u ^ AjjJijyi J j**Sfi oli (Jane Ranees -^^—^ J)j^)i^di^ 
[Henri Cartan (1904-2008) OU^^ ] jS\ ^^>}\ ^ (1938) 
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cJlS'^iiij (Martha Kl win - jdS li> ) ^ ( 1922 ) f U j N| ^ <l j ( 19 19) r u 

L*l .^^^t-tj j^s-Uj^ (j^^ < —^ A ^'3 t4 ^J^' (j^j 1- ^ [V jW-'*" 1 ^ ai ^"* ^L-'L*" j>~ 

L$J opL* <^Ji j ( 19 19) f U ^ »j « j^-iJt l$Ju. j ^ JjJi k1~J>s- cJISj ^h/^ 1 
s^jUji (_£ v ->-i jLo-^i '1 "\ ■ " r "*-\ <j c iL»ij*ii]^ r Ajl^j2- I isl L^jJul>- oUj aLiljt-»j L^jUUji 

! "V j^X) J^*!} S^iJJ Lli>J SJUaJJ LpU> . . . ^Li2iL» ^jX?- jl 
aJL>- ^i) oUlkJ (^tJaJi ?c_jjldl ol» ur jjwJ < Js- i jj J y-? T \ JJLi) :aJjV5 (tfjtO o_^S" 
t5 A^J l> Pc r oW JUUoljUU (14- 10) Jl j^jU^I jjU^i V J^ii-JLUiVI 

>1 ^-ojJj ( _^Lf- ( a j>- ^ <jLs»-l l/-?^ ,_g~--<jj Cvl>-^ -Lais tL_j ( j_~jjw*J ^ 

: L_$J t u ( V-UjJJ or ~- i) A_>jj3 4_JLL. A_;*>lojj (Etienne Du Tremolet - 

iJU jow j(<u j&r - UU— i' jl - ^Jl—") 3—^* Lj»^I>uU jt£ j ^L-^bdl 

lil js\ \-&>-fi\ UJa}\ 4_jj ^^J.1 o^^it alft (^ j 0'')\^J) ^ jJQsl 

The Bloch ^ jJ-i ■ J) J y... C.SJ j ,/? a » j j>o L» LJli- L^Jt ^> ^Jl ^Lftitjj ^4 1 „'•?«; 

bUI aIj^^ 0 0i iJ^J ji-Jkl ^« Jyw iJlP ijiili ^1 j (Walls 

J 

j^*!*]! ^ai^I jLS" -^^j Jj iL^J^ c-iiS'ij cai>-jJ (^jL*)^^ c-<Ja^- i*>-U]l d)-Jj 
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jUTjASYb C Li ^ 4jt>-UJl di-Jj ^*^>c>- j^aJ oK-^L j cC—i _^5l villi Js 5_J?U ^j^-J yi\ 

:L_fJebr ^Jtj[ (Henri Poincare( 1854-1912 Ji ^i\ ( ^ J >Ji 
J»Usl! o ^Ul S& ^aj'l dJUb «u*i oils (iib ey/ cits' j iyl^ 

J* 1 "^ U "b *i tf*^ U - ^I'j J^ 1 ' O^ii/ t/^ 1 j^uTt 1 

sJLa J^j- Oi Xjh ^ j t^JLl! JUJlOl — $1 dUi j all jjl JinSl tilJ j 3L- JJ-" 

OlS" L*^-* iJ^lj LJ?t ^ LijJLj ^ <jj ^ Jx^Jij j»i obi ^ <uLp I ^-g-llav.J L« ^L-^i J& 
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^^jJi^U^O'lS'LJljU^^ ^Jl ye,i Jill £tkJ JlVjjv-^jui^b Jl <^_!Lt-ij tl_Ja*Jl 

^ aLjJ a^j vj^'j aU>-j JUisJl (j^) jJup Alia co ^aU aj j9^J\ **JhJ 

I Si ^LbVl ^JjJ jL^VS «-<JaP aJLl*"V1 ^kd wLsJj cUjLkxj . . <JL>- ys <lL^ 

Ajiv^ix* tj 3 **. LjjjJi* i3lS" (y^) Ja! .I^j yj If**-^ LfJ ty*** j ^4-*^ jL-JVi \ « 



id — Jj 



^1 



1(1 j^LS" 151)>i^1 ^-U 



Applied Alloy C'hemislr\ (iroup, "C'lassilieation i>r Magnetic Materials." I 'di- 
versity ol" Birmingham; see \n ww.aac^bham.ae.uk/magnclic materials/type. htmfl 
DiamaynelismW Diamauticlistii. 

t 111 u\ Mitfic. I'icrrv < nrit\ ( harlintc arid Wrni»n Kcllngg. translators (Nl'w 
York: Maemillan. 1 42.^ >: see eic\l.liKvir«ima.edu/loe/riKHlerr£'piiMie't" in Pier. hi ml. 

De Lacheissene. Llienne Du Tremolcl. Damien tlignoux. and Michel 
Sehlenker. Maum'iisjn: lunilitrmntttls (New York: Springer. 21X14). 

biupitst. Per Olov. f'/w li>u)k ahtmi Klunchc aiul Munc (New Vork: C )vcrior>k 
Pi ess. ?(Klii). 

G;iines. l.iiein. "Fiuok Rt-viu-w nT The fintik nhmil fiJotn-Jn- and Mti/ir." Curlt'tl 
Up with a (ititnl /iituk (u-zme): sec \v\\ v\ .euik'dup.coni'hkiiicliem him. 

tioklsinilh. B.irl^jir;i. ( tfttt'ssn'r ( ienhif,: ffw hi/tcr World 0) Mark- C /*/■/'<• (New 
Yurk W. VV Norlnn. :«M)4) 

M«u tin. D. H.. Mt/vm'timt in Schds (C'iinibridj'e. Mass.: Ml I" Press. W(>7). 

Miune, Pele. (•' = inc~ The limn l<lt'ti^ That Shiifnui Our Wmltl (New York: 
Siec!iru>. Publishiusi. 2005 ). 

Nt>bLl I oundalion, "Pierre t une riiocriiphy." in \ ! t>bi j l l.i\:(titvs. I'h\yir.\ 
t f M)/ IVJf { AmMerdiini: Plsevier Publishin.u CNmip.im. I l >fi7 (; see nobelpi i/e tire/ 
pli\ sies'l;iurc;ili_-s/ 1 W ^/pierre-eui le-hiu hlml. 

Renin. Pmneis. "Pierre Weiss." in Dictu>nui\ i>( Si uniifn fiingtOf>ln . Charles 
( iillispie. ediior-in-chicf (New York: C harles Scribner's Sons. 1 1 >7<I|. 

Prepost. R.. "Pernimaiinensni — ihe C"urie Temperature ol Ciadolinuim." I 'ni- 
verstU ol Wi.sct>nsin: see www.hep.wisc.edu' -prepost.'4*l7/eurie/eurie.pdl. 

VVyait. Jean. "Pierre ("uiie." in fiictmnarv <<i Svicitfific Hitn;rii/>/iy. C'hailes 
Ciillisftie ediior-in-ehiel' ( New 'i < irk - C harles Sei ibner's Sons. l k J7(l) 
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Eric Terple Bell quoted in J.R. Newman's "The World of Mathematics" 

:(^\iiJl ^"j-i^ J* ^ J*t*5 J**!* ^ 

F (xct) = m (x). d 2 s(xct) / dt 2 
.dtf j sjbi siw^&i s^^li i. jjsnJlftjji oi ji ji (Kepler - JLS) cryiy 

Gerhard Schurz, Normic Laws* Non - Monotonic Reasoning, and die Unity of Science. 

^-.J (0 j j^^^S-Wjlj ^j^yaJl^^JjJl ub yell 4«s*i^ '^-rJijr 4 ••r'^'^^ >T J AJl#*i*i1 

.!4s-a Uj^ j^ai^jl dUi V l^J . . . .fjer ^-^J 

Vincent Icke. The Force of Symmetry. 
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Marcus Chown. "It's All Down to a Roll of the Dice" 

New scientist (oxcerpts of Interview with Stephen Hsu and Nick Evans). 
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